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1, General , 

a. Sarly la 19^3* I*oe Alamos Laboratory Indicated a need for 
quantities of crystalline boron of normal 1 to topic content and crystal- 
line boron enriched in 310 (see Book 7XIZ t Tel. 2). Production of the 
material* was initially regarded as extremely Important and Tory essential 
to the overall Manhattan District activity. While necessity for the 
materials was somewhat modified at a later date t nevertheless, from the 
beginning the boron project was given the highest priority and every 
effort was made to assure that production would be as prompt and as 
efficient as possible* The original requirements included the utmost 
secrecy and minimum publicity in all phases of the material production* 
Compliance with the security restrictions caused many of the negotiations 
to be conducted through oral discussion and thus limited correspondence 
and records to bare essentials. 

b. The desired materials were obtained through I research and 
development by Columbia University (SAM Laboratories); development and 
processing by the Norton Company} supply of raw material by the Harshaw 
Chemical Company} development* design, plant construction and processing 
by the Standard Oil Company of Indiana} and development and processing 
by the American Cyanamid Company, ^ach of the organisations Involved 
and its respective performance will be referred to herein under a 
separate heading. 
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c. j&raaa of personnel involved in the boron procurement ictlvitles 
*auy be found in the appendices to this chapter, and in other volumes of 
the History, to vhich references will be made hereinafter. Those who 
^ere most concerned included the following: 

Dr. J. R. Oppenheimer, of Log Alamos Laboratory; 

Dr. H. C. Urey and Dr. Martin Xllpa trick, of Columbia 
University (SAM Laboratories); 

Dr. Cyril S. Smith, of the Morton Company; 

Mr. 3. G. Seubert and Dr. 3. W. Thiele, of Standard Oil 
Company of Indiana; 

MaJ. Gen. L. R. Groves and Lt.Col. J. R. Ruhoff, of the 
lanhat ta& District. 

2. Columbia University. (Refer to App # A-l.) 

a. In "toy igU3 f the request of the Los Alamos Laboratory, described 
above, was discussed between representatives of Columbia University and 
the Madison Square Area. That discussion resulted In arrangements where- 
by, under Contract W-7Uo5~eng-50« Columbia University was to proceed with 
the necessaries a arch and development for the production of 500 to 1000 
pounds of crystalline boron of normal 1 so topic content and 50 kilograms 
of crystalline boron containing not less than 90$ 3*^. 

b. The need for this work had been anticipated by personnel at 
Columbia and four months earlier (in January 19^3) » under OSBD Contract 

0 l!sr Ul2, research on the separation of boron isotopes had been started, 
i'hat research had resulted, in April 19^3 » in the discovery of a promising 
method of operation. 3uch a method of operation was still being investl- 

* 
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gated when the Madison Square Ayaa arrangements became effeoti*e # but 
the Information which had already l)oea obtained was such that develop* 
Meat eeuld # and did* proceed with a mininma of delay. The separation 
procedure* which wae proven to he successful by continued investigation 
and plant operation* wae hated on a counter-current distillation of a 
dissociable oeaplsx or polymer. 

e. In addition to the study for separation of horon isotope** 
Columbia initiated a research program concerned with the reduction of 

of horon trichloride by hydrogen on heated rode would produce beet re~ 
suits, aad development work for thle feature viae carried out i& CO* 
operation with the ffortoa Company* 

Columbia, was dliaethjrl a tnaiHtoroa trifluorldo ooaplex and It waa thaa 
necessary to undertake reaeareh oa tha coareratoa of that ooapound to 
boron trichloride* A t>llot plant wae set un at the Columbia laboratories 
and development work wae carried out in cooperation with the America* 
Cramamld Connaar* 

3. the Sortea Company, 

The Norton Company participated in the boron pro gran under two 
different linee of procedure i first* through cooperation with Columbia 
University in developing the method of reduain* boron trifluoridef and, 
second, in producing crystalline boron* These activities are referred to 
in Appendix JW1 for the reduction of boron trifluoride and 
la Book YII # ?el # \ % tow the production of crystalline boron* That 



production ^pulled to material of normal i so topic content vnd was 
accomplished binder Contract ;W^5-eng~292, effective 15 January I9W*, 
at a cost of 5^3 » 000 (See Jook VII, Vol. 1). Oovermaent-owned raw 
material, which had been obtained from the Niagara Smelting Company, was 
supplied to the Norton Company for their process. 

Confirming records and supporting data for the Norton Company parti- 
cipation in the boron project are, of necessity, extremely sketchy, at 
particular care was exercised to prevent general knowledge of their 
activity being divulged. 

k 9 lias gggghav Chemical Company. 

ilia ilarshav Chemical Company was selected to supply raw material 
for the Standard Oil process of the boron project. Contract V-lf^O^-eng- 
289, effective 15 March 19*&, called for a supply of S50 pounds of 
"synthane* per week for six months, starting 1 May I9HU. rt Synthane° was 
the code symbol for boron trlfluoride containing not less than 97$ of 
33*3 of as constant purity as possible. Subsequent supplements to the 
contract increased the quantity of raw material to a total of 92,^50 
pounds, at a total contract price of $72,770 (see Book 711, Vol. 1). 
Raw material delivery was completed 1 March 19**6. 

5. Standard Oil Company of Indiana. 

*hen research and development at Columbia University had progressed 
to a st^ga which permitted design and construction of a production plant 
for the separation of boron isotopes, contact was made with the Standard 
Oil Company of Indiana (App. A-2, 3 & That corapany indicot^d its 
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'^roe&ant to participate in the project nd on 5 January 1J^4 Altered 
la to "ontr-ict '-/^l^-eng-UL. £ho contract was eff?cti7e is of 2 December 
1*3^3 • contemplated «.*ork consisting of the design, erection '>nd 
operation of a suitable production plant for the separation of boron 
isotopes. In idiition to the above work it wag understood that the 
Standard Oil Company *ould undertake work directed toward; increasing 
the certainty of the early success of the proposed projects training 
of technical and no n- technical personnel} andy establishing an adequate 
security system. 

A general history of the contractor's activity in meeting contractual 
requirements is provided in Appendix A~5. That history of the separa- 
tion project describes* the work objectives selection of the production 
contractor! plant design features; initial operation; supplementary 
plfant considerations; and the then future possibilities of the process. 

njor problems which effected scheduled production resulted from 
difficulties in obtaining desired construction material (App. A-6) f and 
the inadvertent introduction of mercury into the plant system during 
the leak test procedure (App. A~5). The latter difficulty vat considered 
to be quite serious in itt nature and led to the erroneous conclusion 
that the initial plant would be unsuitable for production and that re- 
placement *'ould be required. Later on during the contmct a corrective 
ne a sure **s discovered *nd the original plant proved to be operable for 
production purposes. 

firing the p?riod of operation, a total of J^G gallons of heavy 
jolymer v.%b produced. ip^endix A-J provides letaila of that production 
In regira to lot entities, percent of heavy polymer for each lot t etc. 
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Appendix A->7 also includes breakdown flguret for*tha total cost, under 
Contract W-7UX8-enf-4l, of $2, 3G9,5l*6. 38, prior to any adjustBeat required 
t>j final audit* 

r* 

Oa $ March 19^6 the Contractor vat directed, except for the economical 
completion of material thou being processed* to cease operation of tht 
facilities, effective February 19^6 (App # A-g)» Supplemental Agree* 
moat 3o« 5 # of contract W*7^iak«taf«4l t provided for the period of pro* 
auction performance to end at lit 59 on 30 Juno Alee, in 

accordance with that atippleaeutal agreement, the contractor placed the 
prooeee equipment la stand-by eondition and stored such equipment as 
wao directed by the contracting officer* 

6, American Cyaaaaid Company, 

Contract #-7U01-ajig*91 t dated 3 Jebruary 19*&, with the American 
Cyanaald Company, required the contractor to process product 990 A to 
the final product S9I A„ Products 8 90 A and 891 A were the respective 
code symbols for boron trlfluoride dimethyl ether ceaplex and for costal* 
line boron 10, 9SJI assay. 

The process used in converting the complex to boron was developed 
under Columbia Contract W~7^Q^eiig*§Q (see App» A-l), but the engineering 
and design work necessary to put the laboratory process on a plant scale 
was done by the American Cyaaaadd Con$aay» 

It has been mentioned that the initial requirement was the continued 
production of B 10 until a quantity of 50 kilograms had been completed. 
The production schedule called for 1 kilogram of boron as early as 
possible, a total of 5 kilograms by 15 September 19^ y and 5 additional 
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kilograms every aonth thereafter until the total of 50 kilograms had 
been obtained. The startup of the plant was, of course, dependent upon 
the production of separated complex from the Standard Oil Company of 
Indiana* The rate of production of the separated complex had been estab- 
lished, by the Chlcego Area and the Standard Oil Company, to be 5 gallons 
every three days. The plant of the American Cyanaaid Company was designed 
to run at twice this rate if necessary, since the Chicago Area had inti- 
o&ted that they might be able to arrange for an increase in the rate of 
separation. The American Cyanaaid Company plant had undergone test runs 
and was ready to operate by 7 July 19^* Unfortunately, material was not 
available at that time from the Standard Oil Company, ^ile awaiting 
material from the Standard Oil Company, work continued at the American 
Cyanamid Company, to improve their process and to prevent possible lessee 
of material. Upon the start of delivery of the 890 A complex from the 
Standard Oil Company, the American Cyanaaid facilities were in readiness 
and processing to the final product began. 

In accordance with supplementary requirements for contract W-7I40I- 
eng-91, production at the American Cyanamid Company continued well into 
I9M6, and 5°^ pounds of crystalline boron 10, 850 pounds of calcium 
fluoride-boron trifluoride complex, containing a greater than normal ratio 
of the £*° isotope, and 2**2 pounds of calcium fluoride-boron trifluoride 
complex, containing a greater than normal ratio of B , was obtained 
(see 3ook VII, Vol. 1). 
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The Separation of *.hc ^Oi-ca Ijqtcjos jnd the 
Production of .e taller 3oron 
Final Report SuhnitirCd In Accoraunce nit'- t e Terns 

of Contract H-740&I eng~50 
Harold C. Urey 
JuOy 31,1945 

I* Historical Kevici, 

In Lisy, 1943* the U.S. £n ineor Corps of t' c I'ar Dopart-nent requested that 
the necessary ruscurch v.or!: be unuerta, cn to deterr.ina notliods for the production of 
crystalline oron. In audition to sor.e 500 to 1,00c pounds of crystalline boron of 
nor al isotopic ccnte:*t, a need was indicated for 50 >:ilo 7*02.13 of crystal lino boron 
containing not less t an 90JS of RlO. Fortunately, oho need for th 3 : ete.'ial had 
been partly anticipated at Colunb a Universir . , una r-. scorch bad een 3„artcd in 
Danuaiy, 1943* on tho separation of the boron i^otoocs, urn", or C, Contract OBI* 

sr 412. It. April, 194% a pronioinr eihe had ,ecn ; iscovcrcd at Columbia, and 
was und - r invu 3 1 t i o ~ . 

A pilot plant ■ as set up to acc^iulute cn; i^cerlr. data nccussary for the 
design of a pla.it ^hlch vould s- pcr-te 300 rrror.s of 310 pi r day. In addition, a 
research to -*an initiacod to stu'iy vurirus 'eViod of reducing boron conpouade. 
Iftt-r a survey, experimental \ r*: on the reduction of boror. tricMo.id n by hydrogen 
and of boron t Iflucride by sodiu-i, \ as carrier! out. The r.et od f *..:ally chosen ,f aa 
the r auction of boron trichloride *jy 'r/dro^ui on halted rods, ate the J-vclojtocnt 
work i*s carried vv.t in cooYxratjon \.it 1 thu 7/rtcn Caipany. The uso of t* is rsthod 
Involved t-e production of boron trichlor ide of hi jh :xu*ity. The ITiapare J citing 
Company undertook thi3 .or. and pre h;ced suff icV.v t -i chloride for th«~ nro'uction 
of the required -rsoiLnt of cryataili.ii. bore.;. This -jr!; c-3 cok /Ictec* by the 2»orton 
Company by the end of : ay, 1944* 

. In the jscanti' e, the pilct plane \.>rV on the sspc-rutioa had processed to a 
stage ''here the construction of a pla could be un rta 1 j; , avH in iJoveiiber, 1943* 
tho design, construction a.id operatic of a plant . ±z ado thu responsibility of 
the Standard Oil Corpany of indium. Aa th3 pur a tod product ;as to *o dinethyl 
other-boron trifluoridc co-iplox, (SlO^O'lF-, tt ras neceasixy to u.^.:rtc:^ research 
on the conversion of tais cc^ ;;ound to jo rorr trichloride before ru-.uctir.n ith hydro* 
gen. In addition, further research vcvk 13 nwceswur" to add rf H. o::ts to blio 
reduction stej;. A pilot ^lant \ as set up at the Columbia laboratories, ard t s a 
develop VwPt ^. crk n . as carried out vith the ^ci ican Cpanaoid Co*no.Ti • This co spany 
bo; an jtJc in Fs'^ru-r.', 1944. 

After s vfl dwlaj' quo to o-pcrutio,i&l difficulties and accidental introduct ; on 
of crcurv i;n;c t* c nlait, production of separated boron as th^ dL^tV.yl ct'-wi**bcr<m 
trifluoridc co ;\lx be w an in Jai'uar , 1943, ^nd was ^pnplt.ted in cy, 1945. The 

n>rcrlc..; w;,^iarid G^. j^tny {-Ocjit completed tho jrcducti^n of crystalline -rro luct of 
spucifiod ruriV l*i Jiu^.o, 19/5. rxporircr.tul stu.plce of B^* ~ro pr^«r-d La t o 
r.ilot olent at Col'L.h'a. 

2. :i:3Jlflc t t'.or^ ,f Rororta 

c . Kir.ij ox p .c /:rtq 
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5. Value s f " / fra -titnatler. factor. 
D # Stability of complexes 

1. Decomposition 

a # Rate of formation of methyl fluoride 

b. Rate of ac emulation of methyl borate complex at the top of 
the column. 

c. Manometry method 

2. Peroxide formation 
?. Effect of wa >r 

E # Fhyoical properties 

1. Vapor pressure -;f methyl borate, diethyl ether complex, dimethyl 

pth*-r '"cr.pl ^x, and methyl berate cor/.plex 



T: # heat of vapcrizati r. of dimet:.yl ether ocmrlex 



f ii^*hyl i"/: 1im*»thyl ether Comdex* s 



Vise- *:ty of tiet-yl and dimetiyl e* n .er complexes 



fir -.#-ar f " ;.- dimethyl ef;rr err plex 



C'jtrary -f ; rr> ; 1 a 1 pr-perries 
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r. CY*: rat ion M' t;.e 3 f ^r.a:' '^l\rr. 

It viae found tr.ar L/C*, :»., : r I'.di .f N,r'\n, ^uld nv paratid by a counter 
current ii., '.illation f a ii jo-- • i a" i* " :-;i'X r rxilyrer. This novel • et hod r :f 
;:eparat : . r.g ir.ee, /a: ■ .:t-. 1 f ^ * o* b-r^n topes and f^und to be ouo^ssful, 
wi-.n ar. ov rail > *e-.;*-p - i f f . "i-Ti \" ouffi *L-r.tiy Large to rake the i.f-.hod very a*- 
f ra^tivt. fr'*m bote ar. *\o,ir. >-r'.\r ar.-i pur» ly jriwtifi^ point of view. This new 
"» t.\o.i of . .ara* n 1' }\ * * ■ •♦■.'ral, ir.d I, r.-'t limited in any way *o the b:ron 



Th;., ■ t v.-d . .v • * ._-v **" ■ :.o ^ar^e. 3"al* *eparation of the boron 
'* toj^s. T" plan* i.. *w*.r.' t\ ';ati-> • mplex (Oij^O-BF^, which has a 

sirple rro-vrj fra-ti na* ; ■ V-* r r l.Ol^j* 0.CO2. In order to make this method 
of j j-aratirv ' h l or.n i.': ; .3 "f i r*. : " 1 importance, it was necessary to find a 
mi the ; of r* "ov-.riiv q^ant i* at ively the "F^ from th< complex, and thij was done. The 
a rk "n e lar^r:*- ery r.al- ir dt .a *rih» l lr th^ reports, as well as the large ^ccl^ 



r ..^f^l ar : i i ■■ *" r.r • i' * ■. • fc . o^i f ■ ^'.ration of f he i:K top^j to l°rg» 

"1 ; — : ;. r«. r i I r <\ > \ - • . ,**'bi:i"7 of various «^;notru -tion " r .ar i ' 

fl r. 1 " * : ■ '^r.rivt r rTr,*r. n "rro^.irn /tidi-s, 

4 1 

' - \\ ;.: i * : * t< r : in iq^t :) us^d, mx;n;; of ivru^'. r.r\ 

^:it' r. r . .1 A " r. r f^r:j. '.!• thods of cnalyzinr t* ""mpl- x for 
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rile 1*0 
Pa^e 5 
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7iplox # accurate determination of the a (the simple precis frac tionatinn 
, ani discussed in the r^por:s # as v/oll a3 lata necessary for proper design 
iant # 

Thi3 7«ork was under tho direction of Drs # 3, ::. Cri f t oni M. Kilnutrick. 
h thr research was dono by a *r oup working os a whol * f f r c< nv .oienco 
o of operation, this group won divided into two sections, " '-h^nic r l 
h necticn, and an ':ryino -ring action* Th<. early ori'-ntl*v \nd ir.v -/tiroa- 
1 rk was dono by the oh .nidi s- ction, but upon th : °err.al /tobli:,hn nt of 
-ir.ooring S3cti r n f the work or;:; separated int<~ ".h-, r -irr la oL; ic .ti r*3 uf 
ad engineering research. Ac oual 1 y f huv/cv>.r , sosr of ' h.. eo.nio-,1 .rk r; ;s 
i by the engineering unit, o:vi vie ; versa . Toward:* oh r.d - f i r, r ; oroh, the 
o>: ; .^al group was dissolved and th^ *./^rk f nostly purely a,-io rri v, v 1 n- 
tiauod by tho engineering £roup al^ne # Thv. ch siicol r^-nuareh s -e v i.n und< r the 
supervision of I. Kirshcnbaum, and -he cn e ;io"oriiv; jocoi'i; -?r.~> uad.r P. "\ Schutf 
and N # Sabi # The experimental v-ork v;as djnc v:ith thD holp -f oho f :11 " f ir^ Junior 
research chemists and engineers i G # Baniki ter», T« Crr*~ll # L>. A« VoCail^y, */ # 
"ftsansky, and *7 # C # Znachinsky, aided by a sta; f c:n/istia£ of T. Bl.dr, J:» Bogar;h t 
A. Cunnin, Forsythe # A, Kivnick, H # Kcpp, S # Is vi;; # J, Shcdlsnky, Themu3 # and 
J. Urban # 

.^on tho plant for th- 3cp.ra-i:n of o 10 r_-d 3 11 i 1 pod li Ticulti.s 
iuc to tho leakage of rr.tor int. oh^ ryrt^n, Dr. Schutz aad "\ ? rsytho and D« 
\Je .aulay, were employed by the 3V o lord Oil Conp .r.y S Iaeiano # <"ith this increase 
lr. pjrs.nnjl # the varius lif f ical "ics T the plont '.vero; s lved to: pl*xr.t put 
int-j pr .duction # II 9 3 obi and " # Zr.oohii./>r ; r ol-- zp\:\t s ^n-. oLr*o ot the \"hiting 
;lont # 

The necessity f r aliiti ral ..oolytie .1 -■■rk *-.s tak.n :^ro -f by the 
transfer of IioS3rs # Jud3.;n .nd ; 7 ly^^ t^ f h, oto: I r ! r, il " r.por.y f Indiana # 

In addition, th rr bl f oqu-, ur --.r; *' '^r.n -r.o .mt/1o> n .o o- 

•sit.t^d further stuli-r -r. c rr ; L ' # o - • ^ *i o, -.rv.lyti .1 r r. r 1, and :n 
o:th-ds frr the r^val 1' to o r. T -i ;t io ■ .>ioo or f -h.i3 # t - ! :iti nal 
:r up f consisting :f E. H. foyl r, r 7 . - , J # ? t :.,rr, Seh. r^z or.i 3. Datz, 
tuiiod the properties f th. o r r. "ri 1 L 
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In vicTv of the poj:i r i\ity "Vo oh veil io ,r :-i rt ti n f -«.r "ury 

ni oho l?ak of neisture int. * h 1'.:.' . K . ' r : -It;' io oh 1 c: f the 

1 ont # a new plant ;7as d^si^nji - a 1 r c . .rch * ok ' r.rri : jo o : 3. iblo 

■.-•-j .f flu:r~carb ns ai hoot :xenaz*c r/. # rk vo ol.; .rri ut r oobstitutin^ 
ola3tic diaphra^n f:r tho n aol 11 .::.r o .0 i;\ K ,o. ;nr.; , Xeso ;r*v. " r 1 - 0 o:uct.d 
y L # C # Libcrat rc and % 0 # K robovk ;o •.. ol K oat rl..,oic o<,ri/.l o.ioo l.*,d 
o I.^v^lcp.d ,n the or ject (kn ;.I?P-1.) v;ns q ii 0 . fc '.-;i.fai*t r\ , .0 : "hot 

rb n fluorides e uld b^ us 1 1 as ; r x*l:oo-: li \;rr.r $ . i» *ucc- :s 
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complete conversion of thy* starting; v oron :or.po*.ind zo boron metal* An initial ex- 
amination >f lenovm roac.ioru: f:r ^h*» promotion of boron lisclosod tnat of thrm all, 
tho rea :^ ion aX3* 2^ Ijr* * 1 * vVjre X in ?, dl t 3t or I f v/cul'i bo expected to 

2 

^ivo th< purest product because if th* volatility of all rouctants and products 
excepting boron. 

The equilibrium constats for the roiuction of BFj and BClj with H£ were 
computed approximately f r m d-ta availubl* in the literature. The computational 
rcjults -confirmed cur -xperinental «.* fc udie~ which 3howod that 3Fj was not and BClj 
was reduced by Hg on, or in the neighborhood of, a surface at l f 300 to 1 # 500° K. 
The computations gave for the equilibria constants at l t 500* K # for BK- and BC1-, 

2.4 x 10 11 and 1.3 x 10*^ respectively. The roiuction of BBrj with H g was found 
to occur as oasily as that of 3C1^ # but the bromide -was less readily available. 

Sxpcrimontal investigations showed that under propor conditions the boron 
produced by reduction of 3CI3 with Hg is crystalline and of greater than 99 atom 
per cent purity. Also it *.vas shown that tho unreduced BCI3 (the yields woro always 
loss than 80 per cont) and the B combined with the hot curfaco could always be re- 
oororod as BCI3 and reused, resulting'; in very small loss of D. Apparatus was dc- 
riscd for tho commercial production cf GOO grams or more of B por day. A pilot 
plant for carrying out this procoss w.s c> nstructed and operated* 

Tho experimental vurk rr^z carried out under tho direction of M. Kilpa trick 
and C. A. Hutchison, by J. 2* Jfciith, R. 3. Schvrartz* E. Kalichman, J. L. Thomaa t 
and R. Re i dor. 

D. An investigation ;f alv;rnato methods f~r roducticn of 
ber^n 0 'mpounds 

1. The preparation of boron by tho reduction of boron tri* 
fluorido with s.diun. 

a. The batch s_diun method and oarly experiments 

b. !4oth > is 5nvolvinr th \ ciraul taner us introduction of 
sodium arid t r.n triflu^ridc 

2. The preparation . f U r -n bv the rcductioh of sodiiaa 
flueboratc .vith s iiun. 

3. Extraction f so dium fluoride by water ftcm tho reaction 
pr:duct3 

1. Preparation cf boron by tho reduction of boron trifluoride 
and sodium fluob>rato vdth alumimn 

5. Preparation of b^ron by tho reduction of bcrio anhydrido 
with active totals 

S. Tho high tempo rat'irc purification and consolidation of 
amorphous boron 

It was the object of this research program to develop a chemical method 
for the production -f boron of high purity. Initially, tho ebjectiva »vas to produce 
boron oithor amorphous or otherwise of at least 95 atcn per cent purity. Latar this 
was rovisod to consolidated or erystallino b.r^n jf 99 per cunt purity. 7* rk vm.a 
directod toward achieving this goal by tr;o mothodst (l) A tr/o-stago process 
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v/horoin or.orphous boron was first crcparod by sons staple, direct chemical method 
that was thon followod by a purification and/or consolidation troataont at a high 
temperature* (2) A singlo-stago process whore in crystalling boron or consolidated 
boron of hi/;h purity was prepared directly by tho interaction of froo* sodiun with 

boron tri fluoride at high tenperaturo. 

Prinary enphasis was placod on tho tochniquo of preparing boron rather 
than m tho comprehensive stu<fy of tho purity of tho products obtained or their 
recovery. This was particularly ovidont in oasos incvblving tho use of sodiiss* 

where the handling of tho materials and tho typo of oquipoont usod proved to be 

th 3 jr latest problcn. 

Thi3 investigation did not yield suitablo positive results* The diffi* 
cultio3 encountered with oquipnont and handling of raatorials presented obstaolcs 

that wouli havo necessitated a lv>ng*tara rosoarch. 

This v/ork was lone under tho gonoral direction of U # lil pa trick* J# 9. 
Scevack and A. Kur T ts f assistod by H. H 9 Starko, T # Clarke* 0# Cohen, S. Fedoraon* 

U. Hani(^ # U. Tetonbaun and R. Ullnan, 

III. Analytical Methods 

^ 3poctronetric Analysis 

A heavy notal nass spoctr one tcr was usod for tho first rrork on the 
isotcjjie analysis. This instrument was usod to get the necessary fundonontal re* 
suits fron which a noro sinplo satisfactory routine machine could be designed* 

After tho basic analysis ncthod had boon found, a special ins truu ent was 
constructed which was then uned f < r r utino ajialysis of B*° and Bll conpositions# 
Following the completion of thin iuotrununt, a second machine for routine plant 
control wa3 f:und necessary and c nctructcd accordingly. 

This nork rras under the ^noral direction cf M. G. Inghron and J. S# 
Smith, assistod by ~*« CJ # Uchvr.b, C. Y. Bar the 1 new and H. Groonborg, 

3 % Chcuioal Analysi3 

Invostigati -ns v/oro oarri:i ^ut ,n the f llr.ving subjects! 
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C"nplcto 


analysis of bor-n 



Tho ^'jneral analytical jt sblcns -f thi3 project vroro investigated by a 
up enp^aed f % Juds *n f C. D # Turner, 1. H. Turner, A. Flynn, J. A. 
Vorin, A. 3. Kirsh^nbaun and M # Kurpka. 
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4 # Lift of Reports 

I. Reports op Separation of Boron Isotopes 

A« REPORTS 

A-,705 Kirshenbaum. I« Monthly Report , 5-15*43 

A- 734 " Bibliography, The Chemistry of BF 3 , 6-19-43 

A* 742 " Chemical and Physical Properties, 7-2-43 

A-1276 Kaplan, I # , Cohen,K#P. The Approach to Equilibrium of a Counter current 

Column or a Square Cascade with Material ^Hioffe Mole 

Fraction Is Not Small, 5-1-44 

A-2120 Kirshenbaum, I., Sabi # 

H«, Schuts, P/7 # The Separation of the Boron Isotopes, 9-30-44 

A-2192 Tiaylor, E.H # Chemistry of 3F 3 »2H 2 0, 9-1-45 
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A -1266 Judson, C.i! # 
A -1267 Judaon, U. # 



Analysis of Pure Crystalline Doron, 2*11-44 
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V f 

INITIAL HKPORT - COHTRACT BO. r-7AlS-eng«.41 

Docember 2, 1943 

On November 19, 1943* the Standard Oil Company (Indiana) 
was approaflhad by Brig, Gen. L. R. Groves of the U. S. Array Corps 
of Engineers as to its willingness to undertake the manufacture 
of a small amount of a critical chemical. On November 22 , 194-3 
Dr. E. \ Thiels of the Standard Oil Company visited the Madison 
Square Area Office of the Manhattan District to diacuas the tech- 
nical aspects of the proposed project. 3y letter of November 24, 

1943 from Mr, E. G. Seubert to Gen. Groves, Standard Oil Company 
indicated its agreement to proceed with the design, construction 
and operation of the necessary facilities, provided a suitable 
contract were developed to provide for the reimbursement of the 
cost of construction and operation of the facilities. On December 
2, 1943, the U. S. Engineers Office issued a letter of intent 
covering the proposed project and on December 6, 1943 this letter 
of intent i?as accepted by Standard. Subsequently, on January 5, 

1944 the parties entered into Contract No. 741£-eng«-41 dated 
Deceriber 2, 1943 § covering the project. 

The objective of the project is the erection and operation 
of facilities to produce "B" units per day of n l n product (letters 
"B* and "X" are defined in the "Secret letter 11 dated December 2, 1943) 
Hereinafter and in subsequent reports "B* will be considered to be 
1.7 gallons (U.S.) and n X n will be called "Heavy Polymer." Heavy 
polymer is to be fractionated from "Polymer" which is produced by 
the reaction of "Synthans" with "Monomer. 9 



The steps contempldbd for the execution of the contract 
obligations and the originally expected completion dates for each 
step are indicated in the following tabulation! 



r 



Scheduled 

22 Ifracriptiptt Completion Date 



1. Design of Pilot Plant Facilities Feb, 1, 1944 

2. Preparation of Pilot Plant Site and 

Installation of Offices and Laboratory March 1, 1944 

3. Erection of Pilot Plant Facilities April 30, 1944 

4» Start up of Pilot Plant, Establishment 

of Equilibrium, and Production of 

Initial Product June 2, 1944 



5. 



Operation of Facilities 



It is to be understood that the above schedule is contingent upon 
Standards obtaining delivery at the necessary times of materials 
and supplies. It is also to be understood that Standard does not 
guarantee that production of heavy polymer can be started by the 
indicated date (June 2, 1944) I however, Standard will use its best 
efforts to do so. 

In addition to the above work neoessaiy to the execution 
of the Contract, Standard expects to undertake work directed towards 
increasing the certainty of the early success of the proposed project 
Items of major importance in this category follow: 

1. Investigation of performance of high efficiency 
fractionation columns , particularly Stodman 
columns. 

2. Investigation of the properties of polymer, including! 

a. Relative volatility of light and 

heavy polymer 

b. Corrosion 

c. Decomposition 

d. Inflammability 

e . Toxicity 

3. Training of technical personnel 

4-. Training of non~ technical personnel 

5. Establishment of an adequate security system from 
the standpoints of fire protection, espionage, and 
sabotage. 

Fork on the above items is of a continuing nature and no schedule is 
being established in advance. 



/a/ J, K. * lobar ts 
J, K, ROBERTS 



If -9-23-47 
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IBM CGD-1 



4 January 1944- 



Memorandum To* The Filas* 



Subjects 



Contract No 
of Indiana * 



• 



v*»7A18 ©ng-41 with the standard Oil Company 



Xm The work being undertaken ia the separation of isotope Boron 
10 from Boron U. The light component ie desired at 95$ purity. Boron 
tri-fluorlde will be the basic material* This can be procure as a com* 
ponent. Boron tri-fluorlde and methyl ether will form a complex vhioh 
boils at about 200°C* It has been determined that the light complex 
has a different vapor pressure than the heavy complex and will boil off 
at a slightly lower temperature* It is believed that the separation can 
be obtained by distillation* The job is very difficult, however,* because 
the difference of volatility is about one part In a thousand. It is con- 
templated that fractionating equipment consisting of about a thousand theoretical 
plates will be used and that the equipment would operate at about a thou- 
sand to one reflux ratio*:* Boron tri-fluoride and methyl ethor are both 
gases but the complex is liquid* The e tuipaent as contemplated will con- 
sist of nine columns 35 feet high* The first three will consist of thirteen 
6" triangles, the second three of five 6 n triangles, and third 4 three 
of 6* diameter tubes* The chemical engineering job concerned is to get 
the holdup as low as possible and also prevent decomposition of the com* 
piece* This latter will not only ruin production but also cause corrosion 
of the difltillating columns* To decrease corrosion, monel packing will be 
used* The components will be delivered as gases and it is expected that 
these will be formed in the complex at the site* This scheme has been 
worked out at Columbia and no difficulty is expected in effecting the for- 
mation of the complex * 

2« The basic work for this method of separating boron isotopes has 
presumably been done at Columbia* Drs* Urey and Kilpatrlok are the con- 
tacts for the Standard Oil people* Technical information for the start 
of design has been obtained in Hew York by Dr* Thlele and Mr* Conn from 
Ruhoff , Kilpatrick, and Urey* 

3. Specifications call for the production of 1.7 gallons per day 
of complex 95% pure* This will produce in the order of 600 grams per day 
of the desired component* It is planned that the plant will be completed 
by 30 April and t*at the start up of operations will be 2 June 1944 ♦ 



4. Standard Oil will operate under a prime contract calling for the 
design construction and operation of the pilot plant built to effect this 



Subject! Contract No. -7/+1& eng-41 with the Standard Oil Company of Indiana. 



separation* Standard Oil ia in the process of subcontracting the purchase 
or fabrication of the equipment and erection of the entire plant to 
the Foster-' heeler Company. This Company has had experience in the fabri- 
cation of StedEan columns which will be used in the pilot plant* 



lines* 



5* At the present moment, the work is organized along the following 
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E. G. feubert - President - Standard Oil Company (Ind.) 



■ ■ " II I M I M 



mm 



J. K. Roberts, Director of Research 
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R. C. Gunnes, Project fupervisor 
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jlrthtir H. Conn - Operations* Supervisor 




Technical Men (about 7) 






Operators, etc (about 25) 
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James Mather - Job Engineer 
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E* W* Thlele - Project Consultant 



Fra, L* Vebb - Administrative Assistant 



Indirect contact below 
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Jl* Q* Paulus - Vice President - Manufacturing 



S. A. Montgomery - ?tanager hiting Refinery 



D, A* "onro - Chief Engineer (acting) 



Subject! Contract No. <-74l^>*eng-4l with Standard Oil Company of Indiana 

1 *~ 

-74l*-eng-41 EIIW CGD-4- 4th Vrapper Ind. * <ii 

U. S. rngineer Office, Chicago Area, Chicago, Illinois, 26 October 1945. 
Toi The District Engineer, Manhattan District, Oak Ridge, Tennessee Atti 
Captain W. r. Teeter 



1* The information transmitted herewith is furnished in compliance 
vdth 3rd Trapper Ind. This Information haa been obtained through personal 
contact vith parties interested in the early history of the contract, prin- 
cipally Dra. H. C. Urey and Martin Kilpatrick, and is not substantiated by 
documents in the f ilos of the Chicago *rea Office. It is suggested that 
information be requested of the Columbia Area Engineer. 

2. Dr. H. C. Urey, of Columbia University, was aware of the potential 
value of the separation of the boron isotopes and undertook a research pro- 
gram to off act such a separation. Dr. Martin Kilpatrick supervised the 
development program for Dr. Urey. "hen sufficient data had been accumulated 
to indicate the feasibility of such a program, and hen a requirement for 
one of the isotopes had been submitted from Los Alamos, the Fastman Kodak 
Company of Rochester, New York, a firm engaged in the preparation of fine 
chemicals, was approached with a request to design, construct, and operate 

a plant capable of producing the desired fractionation. This concern declined 
to onter into a contract with the government for this purpose. 

3. On 19 November 194.3* ISajor General I*. R. Groves and Dr. A. H. Compton 
proposed to Mr, B. G. Subert, President of the Standard Oil Company (Ind.), 
that his firm undertake an undisclosed project of great importance. 



£• The Standard Oil Company is a firm with a reputation for compe- 
tency and efficiency in refinery operations, principal of ^hich is that of 
precise distillation. Certain members of the research staff, particularly 
Roberts, Gunness, and Thiele, were ??ell-known to the research organisation 
at Columbia University and wore considered by this staff to be particularly 
capable to engage in such work. Sr. Thiele had been previously employed on 
the DPS! Project on a leave of absence granted hy The Standard Oil Company. 
On 22 November 194-3, Mr. Thiele ras 3ent to New York to confer with Messrs. 
JEJrey and Kilpatrick, and the nature of the proposed activity was disclosed ta 
,the desired separation, and on 24 November 1943* Mr. Subert informed General/N 
him. He reported to Mr. Subert that the Standard Oil Company could accomplish/ 
Groves that the Standard Oil Company (Ind.) was willing to enter into a oon-*^ 
tract for such services. 



5# On 4 December 194-3, Major Harold Greensteln presented to the Stand* 
ard Oil Company (Ind.) a letter-contract dated 2 December 1943* The Chicago 
Area Office yms asked to render administrative services such as priority 
assistance and certification of deforment requests, for the Standard Oil Com- 
pany. On 19 January 1944 > the Area Engineer, Madison Square Area, transferred 



TFC/hc/lf -9-23-47 
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to the Chicago Area Office, the entire responsibility for the administration 
of the contract* The original oatixaate of the coat of the contract sras $3Q0, 
000; rvhich estimate was raised to $600,000 prior to the execution of the in* 
etrument* The contract was later supplemented to provide additional funds 
so that the total value of the contract is now §2,300,000* The contract was 
negotiated on the basis of cost* The coat is determined as the actual expen- 
diture for this facility, plus operating coats, labor and overhead « The over- 
head is calculated as lOOJf of labor, labor being construed to include only 
operating personnel and, not service and maintenance • This calculation is 
based on the precedent established by a previous contract between the 0SRD and 
the Standard Oil Contpanfcr (Ind*). The principal item of cost was the design 
and conatruction of the facility. This was performed nder a subcontract by 
the Poster ?&ieeler Corporation of New York, Now York* The construction cost 
is estimated to be Si, 225, 000. 

For the *rea Engineers 



T. S. CHAPMAN, 
Captain, Corps cf Engineers, 
Assistant 



1 Incl*t N/C 




Thisr fiocujuont cor si : t s of /V__ pa/* 




1 . Cbjftctlye 



BAriy it* tr.e history of tht* r?3£ project, Dr. 8*. C. Liray of Coiu*2>i& 
University beca&ft &?'*ro of tns ^potential v&lu# \\hic ; lay In the f&ct th'ao the 

* 

boron isotope of i«»A^r abundance uk* or? a of the atojui of s.routeat creaa 
3*ction <mowA« Ond«r hi 3 ti\r*szii>o, \ progrm uncarts > j i*n &t t.*a 
iAbcratcriw to devise a matttod of separation of this curort isotpp*« The' 



result of tivo study th^t uhe xost feasible &«th'Hi of s^jw^sttjoh was a 
fractionation by distiliatifm. The priftcipl* v^ar which this^fr&ct lonaiia& 
is *ceoftr>lish«<i i» a till unc?srt>*i^ but th* aftfciri^i reaulta obtain *d *itjn 
Vm ether coa^l&xss of borou trif lurcidg indicated ttut u sufficient 
difference in v:>L:, t iiity t-xisted for th* aucoa^eful 'icccttj. 'jdtah&ent uf the 
se-p&ratioa, 

» 

Ti** ^atm:i "od&ic Cagjfcny of ftpch aster f 3ow Torh, who tiovo 3 
rtputevion for Lan pr^par^tl^n of f vi ; :h-^r«oa cheilosis?, ineluctin; -4 ltr^e 
uUftb^r 'wftich ar* projtis&iid h;-* careful distillation, ner« tc^aidsrcci first 
id a contractor to design, construct una ojxsMte a pl&nt &ip&W^ 0< f 
producing th* dMired fractlanzttion. Ti.is eoapuiqr declines to ent*r into 
a coatrfcct with the £ov*rn*rt*it for tnis tfurpcM* ■ 

Sines distillation i* tie foundation of thfe petroleum r*f Ik in** 
industry, Ti;e" St&m&rd 5il Qccrpmy of Indi&m >as th©r> appruacMd. lha 
reputation of tne #taa*idrd 011 Company of Indiana for industry **nd 
efficiency in the ^ctvjinpli&u&ttRl of difficult Lisks **** well hj^mm, 
Ctiunfei* University -rvs ethers **»r« &cqu&intod with tho liabilities 
of certain rtem>>or3 uf tco r*aoarch r-Uf, ;.-artS ci i^rly rVosra.* Hobarts 1 
Gunnels, and rrviela* Br,' f Ai^l« n^d beflt e^^loy^d jsrevi *-u^ly by tiui 




* reject on 4 l«&v# of db^anca era-iUni by ti\& «>tkud>>rd xx C^-c^ay* 
<2 ^ove$i>or xV^3> -^r- Ih'iela vr^e e^lisa inuo conference viWi Messrs. 
Lirey and feil;satrac v , *ntf tii© prowaett activity ms disclosed tv, fciis, 
Ho Lgre?d thut the Standard CM. I Coa^u^' cculd buUjd d pilot piunt tffticn 
would produce, ab;>x*t % <j\ms* burcr; of a coneantratior* of about 

■ 

cf the YJ isotovO h t v tr.*i ^etiiod of di&tiilation *hict, had been u^vised 
by 0r«7 ami er^-workars. Larect segotiatior; between fcujcr General Jroves 
ana )fr. J. K. Aoborta .of Standard Oil Conp&ny resulted in '&g<&£t&nce 
by tha Standard Oil Company of imch a contract (£o. ??-74i# eng<»41} <z\ 2 

f - * 

i 

iece;m:er 1943* 

nV tbla ti&a, til?* G^Ic o *r«*a Ctfic* asfiigsed fcy the District 
'jtagineex* tu perJfartt cetft&ia fu&eta.ojis *itn reap«»ct to 'toe* coni^mcvur. ft«u*aly 
tnose related to fa&ttcjrs of ^dftiniatration such &s auditing diaburso&ents, 
expediting; deliveries of r*tf*t*f i/tla e^uipttant»- &zv* jaroc&a^ing defarattat 
re /uesta. Thd Tecjuiicai direction, rosined under tne i&discft SQU^rs *jrea 
until 19 January iv44, ??hen tfto ant ire rospaaaibliity for t^o ^diiiaistr*- 

i 

iion of the contract lr#n3f*rred to zne Cftia.&a Aree &it*ftft«*r. 

* *' 

After the nature of tti* problem diselau&d tc contractor, 
it *a*» necessary io j»ak^ & vary e^rly docjtsitn aitti r^ard to 'ths ;j<sthod 
>uid iie&tta which wouia be used to efx>ct * solution, Idwaectttto decisions 

^or<5 n^eeaaary aitii ragurd to types cf o^uipffient required ana £k,terial6 

* 

of construction in order tn^t oraera r^ight pi^cod v*iUi some nop^ of 
obUajain* 4^1iv©ry a d^ti. which v*ouid pc-*ruiit tj^a oonst ruction of usa 
pljixit and fr^oduotion of t;j<5 iax;top« hi coord inat ion with the daiivery 
acneduia of r^'oducta* «h ich it *a* to suppxement. Accord ii*gly> cWier 
induatrlai facilities Uaviiig. expedience in certain iVJw ^wiid pvrt*b'Mit 
wa'ttflrs of equii^fcerit jwcid notarial **re irttarvitj#^c, and ti>* SAlt. * 



Laboratories were r>t matted U underti, .9 a niu«c*r of xzxu* ir 3 ortI«r 
that seund U4sig£.» decisions mi^ht be '..v-de a^'soon <;r, j~&oiblu« In 
r/«c«Rb«r Iv4J, trie decision -*a&<io to psrJVra. the fractionation in & 
plant con.hisfcir£ of six Hit tiii£tion ooiu&na cf jr, ova ted &±zn c:«r&tt« 
ijn ctz&QuC*. 3h$s« eclumas *^-r€ to bfc fabr lasted ox' fi»on«I a&t*i awe v*>:\* 

f 

to 00 packed Ufit/i 3t*jrkr.'iR packing. Threa ac;citiai&l coiuu'jvs **r* tr, be 

T 

«*tcr a ^fsXluU^itf review of ta# factors involved ,Ln construct- 
Ion, Staaetexd Oil a^^r*ied to iti« Foster txeelar Corp. a auk contract far 

ih« design .Uid construction r ;f ths fractionation 'criUipMnt. ' ikis procedure 
v%&a selected 4*3 tiio fftoat .1) ?c r uu.; m^ia construction cf tho 

desired facilities* In jiu&r Chist dasifjn and construction >-;;>rk one • 
project coula &rjc«&i forthwith, the available process iijfoi*;^*tjra 
erriulcyod ".'or tna prucupt b.i.iar.:-n&ut of tne pro cots 3 design V^sia for the 
piiou plant. Stasui tfe*u;u:::& fjin tat> rj#chKnic&l d*?sl&n una construction of 
r r.e fraction* tlati unit, ot^naurd a.;d under t^^AA ta<& d$velow*€ti.fc of rttorft 
^:1£-/u^ms fj&for4»tiQft ofi Ui# process r^^uirfta^nta of tin pr.-'Jjct arid the 
pcr/crr^nc* ciuir&4t«ristic* of kign *iTj.-ai*acy fratjtigfx.it ion cu-^uia. 
k 0 Factors Caaoivt^r^i 

t»#< -ii | i < n iiw m»i> i >i. i t» >i «» ii i i» H i ii n <in» 

&l.£l\ougfi the i.ai.^JL'.'.tAon of tU<a ai,ria»I -M^rat*, ft*-r c^Utrfl 

polynrr, wc^id s| p^*r to fca relatively- eiia^io distillation pr*.Me?a, 
tne cpsi *tion is complicated by uic irreversible! qaocaspcsitl >n ^f polymer 
int- liquid ^nd gaseous by-products, tsils dercoteposit ton o -ewe to *n 
appreciable ^>Aent 3?en iit the* ioTm&t literatures .-.nic;: art: }.r3cti&iu 
for operation* furtiWr&orrsj tnm iargs nxuaber of tii*or«tuVi pL-itCKj 

# 

re ,uir?*d arid Wio low pressure drop* per&LdGibl* le>d to *.^e of 
s#r*er*i coia:;,n^ in series. ^ carsful an^iy^is 13 raquirjd cf the t'- ctora 
*ff*cting doistgn in order to ; onnit the sal^stion of ths optiisuja e^uip^nt» 



The primary fsctcra ^rfactin; tho procoaa .-ieaigri r/^ be listed as 

a. italative Volatility, ftu*>or*ticai rl&tes ^rtd Ae.flux <iat,io 
t. Docos-tposltion 

> 

d. Holdup 

i 

e, 9ui#*r of Column*. 

m 

The relative yai&tility/X', of ttio two components being 
s^porutad has be#r; "found* to lia in th* of 1 •010-1.^18, nfrica 

■ * 

correspond to ^ •a^'f^refic* i\ co'i.l^ poijfta cf only aioufc G,/< to i)Wf, 

■ 

In ^rd*r to $<*pfirat* two ^^orisils boiling so close!/ wGt'*th&x», it is 
necessary t-jf e&ploy sri uausuuliy i^xge nujfiber of p«u\i?s #ru; u; unuaually 
ftijjh reflux r^tics. this ;U illustrated by t&e followi/is valuer f SMictflot 
for tr*a production by & a Ingle coIujsa of * bottoms product containing 

V 

la isotope, .and tri ov»rfc*»d product containing Ii iaotcvi*. * 

_ ^iinl giua ?Ia te3 * ^inia&uui k^flafe r^tio 



1.J12 43^ 415 

1.01*? ^35 27Q 

t 



The lerge c/kaxige in both th* mln;ufcu& plates *nd minlauja reflux ratio for 
a 3S&11 change in is ta be hotod. It is to be atfcjtfuislsed utctt the 
qtaii'tiu-x number of plates and tii« aifii&ua reflux ratio repr$$«?it limiting 
v&lue3 and that the «v;tu&i nuifeer of t *JUt«3 and actual #*flux reifies 
which must be **re ucnaid^r^fcly £rc.*t«r. 

«— »— « 

The irreversible c;ec -^position of polymer into liquid \*rid 
gaseous by-procucts is an extrci&oiy iczport&nt factor ainc« uie e%t«nt c/i 
decomposition, li&ita u*e purj\y of the product Mvi,*ifc can be u^ae by 



ft (V^ct lunation* The axtar*t to *hicb decomposition of fcaavy poI^aaajT: 
occurs la detefcrrttn^d by th*< dscompcsiticn rate (per cent per day) of tha 
jcl.jnfc*r and the tvolcnp of fttfavy pcljtfter within the unit, haaee It is. 
imy>ortirnt that both factors ba kept to a mlrkilsdu^, ; 

ih* dscvmocsit^Qn * rate foua baen found to b* a functica of that"* 1 ** 
ttuaperature, and 4 once th* distillivtion pressure « ?tor axaiftpla, n 

te:r»p3 future of 195°F fcfcrt a presaura of 150 am ttg abaci ate > t*ie daadttjbrWi** 

lion rate is 0.2#/day>. while at 220°F &r*d 2y0 mas, it ia 0*6//ciay» Altftovgb 

*■ • , 

* . ** 

operation of the columns at Uva' lowest obtalxiAble pressure xould &ssore the 
ndftiKiif;, decomposition, rate, the use; of such a lo* preaaure aouid r**ault *' 

* ' ■ 

in l*f*«a diajneter tcwers and fnsfcnaad holdup in the system* " tne resultant 
effect might be an increased, extent of deci^pceitiotf despite * levfer 
decomposition r^ta» 

* K 

r , ' i 

(3) iWeagrg 

For the system in queat\on, the available' data indicated. 

* 

no effect of preaatir* oa relative volatility, and therefore no affect of * 

toe r*$.te»« Accordingly* witfc the vapor and reflux duty 



sv * 



reoeired erase aeatiojGfcil are& of the coixfcm becoaee a function rif ,thjQ 

f » * * • 

colutftn pressure. Ttse ral^tionahirx l£ aacfe tfeat'tfc* ^oiiUlr«d * crba* 9aatioriAl 
area for a gi van raflux load la apf roximtaiy prepor tioaal to' tha t XhVaraa 



of the squ4^a toot of lft& ubaolata pfreif5*ira* 

Ppy a f?ivan di^caatar wlws»^ tiia use of * fa!££fc*r f4*a^aura 

' * ** . » 

' >- * t ■ 

ifiili parmi^ a graaj^ar raflux capacity jshdeh will in iuro p*s^*itt fata u*a 

&f . a $»mllor dtoab^P of plitea W a^iav^ 4 givan adp&Mti^ tt{'tife:& 

* * 

, - ' j . t., T. A 

diji3^t«5r coXvw- "ftont^i lain*: a glVad?nu«fc«r of pXataa A ihofce«ij^> r *{i? 



; r 1 



» ■ 1 v l""''"'"" 

pra?aura .wili- p^ttibia ^'dfeoi'^ ?f * highar pwrj.^ "^duct, or' 
an incfeaoad «|«jatttity of a ^ivaiir jiartt^ protfuct exeapt aa flia^ttgi^^ 



1 ^^T^^^^^^ ■■ £. 



'V-.- A> -;/k v - i • ^ 1 



T ' 1 ' T 



: -■■ «-• * * '■ ir'^t*^^ ■ 'r- ,? r * ''''' 



1*1 considering the* yff>ct of diet ill;* &i*>n .^ensure on i*he 
design ,*n4 operation of cne unit cut* cfT^ct of i>re33Lriv <irw ? > Wircugii the 
Ctfluenis must cot be c r /erloo#eti . j^iu is e&peci&Ily i&^ortknt sinoe 
it la the operating presswa at trt* tcp ^iu«t the pressor* drop tUrou^h 
U\« coiueax *zvicli ttot^r&ine* tte« pr«:*tfur«3 Cind temperature in the roboiior* 



*kear* the Xerftt&' *s»owxt 4ec&upasitian occurs, rhereforuj for 
glwu .itffce* Jf <^*ian, tftfc pressw$ drdj.- ' per foot "of he:Vgfot >*<fihe 

• * 

+ 

factor whicn d*te^<dneiL tjte auudtfUK permit tod ftei&ht and hence, tfrtf atMber ' 



4 

of oolusns reqwi-wwi*,. ** 

(4) Ibidufi 



1 * 



pro}>orviam*I W thfi tot^i froM^i^t&d ajsteia, it is i^orWnt tn*t holdup 
'be kept to a. NAa&AttiL' This- aa^"J>«: «ecftgpl.Lstaeti b.7 uaias as ffte^ towers as 
possible, t&i*e F&iv.cUi& the nuaber reboilers, and by &fci:ins tft# ^tiametars 
of trie bo;*»rs fcafcli; Considem&^syL- of the fractionation r^uireraeote 



l&*d4 to the conclusion tHst* U*.r^«jt' ratio can be ^iteri^iljr reduced 
as 3tripsi9g prOj^#^sos> Kitft9Ut j^f^tly Juicrc^aUiC plaUr re^uir^mente 



This ^ik^s it p0dJtifcle to r<teiuce tt^i«d3Sively Uae ^iaeai of tn« tu*ers, 



wita tfte result ' that ti>^ to-ior corv tailing ih$ l^urge4)t o^centrutibij of hpi&r$r 



jxji/aer i^AS tfce "smallest lipi<iu^. Cfcviouasly> .Uiia is axU-a&aly «f f ecvive. 



* * 
floldiip ia fLao an isapcrtani f&ctor in da t manias tiip; t&p* v 

required ta dtart up the |d^t> artd in detdr«tning the tis>& re^tfix^Ki Jtif! 



■ 



th« 3yat*;& to *3<saee to <jquUibriu»- & e^n^s in operating ^ndi^fllRMll' 

■ ■ - . pfl ■> . ■■ " : , j' 



■ 



Since ths unit la to operated , essentially ^3 ttC . 

^ere a sififtld distillation eolUuto, it i» ii*<prta«t t-r^t the n^^^'l^t 

* rj * 

eol &ns'- us a<& be kr*pt to * airtij»u&. in. order to fceep the problems »f control 
aa aiitrXe ppssible; /o^v-r, che t<iWl ^uwber of plates ''ti^uiX^L- %& l ' 



f 



^ r 



J. "w 



a V- ill j 



it. 



IV- *r* " 



» • » , » 



* — . " V n * 



r.*i: cr I-^t*? ^ ;efiuv >^ti^« 



*> 'j'.:re drop Uiro;i./n tr.e coiaan^ .ir»" ^ai.- r . ; -\-r a ■i/nn r^r;.:, 



reduce .jnc ;> v ..o3iti- n r^v^i, 



c I \ .'Lr *; i-e ke^ t Low 



.olaup is also iit;"ort-*nt aa^^r^iLnir;^ v>i ^ rieceo;>a:y 



t-.. ^r.*> column* tu oquilibrirr;^ 



t 4 1 



In so!-<<:tiri£ the of lu;rr t for l» i ?c'> ;t ■;. 



i 3 



; . a , j^ct Lor. ;-.ru! 



I t .> .L. **. i » - ^ t\ ^ -i A 4 I 



!■'">. 1*1'' r 1 r 11 ^ ' ' ■' *• f"^ } " 1 7 '**>"',*'■ '"1 



t 




b « Fr^ciionatia^ Columns Consldarod 

The typ<M oi\ i*r vctiviiaii^j fcol^iu considered for this projsct 
aro tubuL\ U/j ;fc folio**; 

* 

(I) E«4;ty Coluflsn-*- 

dotted kali * 
Concentric tubov 

■ 

i 2} Packed Goluiif;— foroimi rttcking 
"Heligrid" 
Spuml Screen 

Sted'r«&n — Seitkaoap modification 
ftcteting Coluirji 

(3) Pacxerf Colur n-- t>uiriped Packing 
Kfirl Saddles 
Solid 

(4} Plate Colum*"- * 
bubble C*p 
Perforated Pl&fce 

* 55 *nce all cf txieso columns are adequately described In tfte 

liter&ture, no .titers; t will be A&de to describe Wie& here. 

fhe ompty coiui&iis *ere not considered practical for tula Job 
in vie» of tae large number of tutes required, result ing in turn in an 
extrsmely difficult liquid distribution probls^. 

Of the packec coluana *ith forced packing only th£ Steton 
appeared to be worthy of consideration. Although the tt rieli.grid fl p^King 
is available ooa&ercialijj it 13 act cara&oniy constructed in sizes over V 
Ih* spiral screen type is not av-ail&hie uarwnercialJty, and is ^tiition 

* 

appears Halted to coiuatns of auuut 1* diattetsr* Tfce rotating colusr^n did 
not appear deairiftle due tc rueeriaiuca). difficulties n&ion could be 
^Mticxp^ted dee tc moving ^f;s. 

Of, Uxe packed cciuiaas aith d^paU ^&Cttin#, all of types 
except tue gauue L«rl saddles available cohere isuJLy t^e thse 

Joclaion nnd were consiid%f^d* Sine* tre cc&structioa of the plant, ;?&u&e 



dies ru*d beetle available &nd fc en investigated. They n&ve been 
fowid tc co% wre f^vcr^bly with Stediaen poking, iiovever, even ta® 
pr agent tiste fiiollitiee for production of saddles &ro liadt*d consider 
Hbic t i.iio is r*<fctoired for their fabric*-. tidn« 



\ 



It found tii^t a bubble c*p cplu£a6 of special c0«atniCti<>n 
ted been- develdj^rAf tne l*\ W. Kellogg Co^^ny in *hicii pi* t*. .agings 
6f i-i/2 to ^ inches *«re ueatf aritaokt ^x«a&iV*.ototriiinii3a*lt^ l^ii h&d 
boeo Constructed in diw#ter$ && Qa&iL, ue 6 iaches, and t&**r«fo;re 



appeared worthy careful ap^sid^rati^n 



V, 



Sx&j»ii&i±on th«^ efi&rfc^teriatie^ of operation of p^rfordted 
plate ccluans i^dicatad thai thejr'w^e Ijup^^fele fiar th* Job* Although 



possessing t^e ettvaat&gea of lo* pressure drb# wird lQ* 3^4u&' their di*^ 



,1 it 



advantage, is an extreateiy rvrow opar&tiflg^ reoge with;, the 'awttli pGUtte 



spacing r«iquir«*d for this ?or e^mpley; it ■. found that' tne 

effect fcf decrees ing the plate spacing w&as,. to decrease tne ^ opiwr^iiGg .r^nge 
between the miitismat vapor r&i« for gpod elfi&iency **nd the p^irft at wnich 
entraiDfi:#nt bectuse - excessive* Extripolatiori to * pl&te sp^aisig of 
indicated tfc&t this op^jriitinjj ran.^ b«ca'flr* much, too tstell for _pr*eticsai- 



V.' 



consideration, * . " 



fb© choica of coiuajnc for this projaot thus narrowed down 
to packed coMtift&e $uoh «s stodtoao,, fieri S&ddlee, ii^sehi^ rings A ^od's&et^l 

helicee> ^na * bvifcble cap coliiaaa of the Kullo^g tsrpe. * 

* * i- * 

' A ccsccp;>Mson of ch«ee Lyj^a of iolua&ae^ with' thts exception of 
S«fl Saddles, *bout T ;^hIcfh very little w^e knpm at th* tioej showed 



§hfet Stedioa-a. packih^ o'afcstnnding io all tiarire resects. Ketal 
helices give al^si aa lp^'an K,i.T P P. &tt Stediw^/ but U^e ^re^suro drop 
te higher. Keechitf-.r-^C? /tr ^ definitely in^iS^or in *ljt^ v three reejpacifi, 



ip&ile Saddieft giv# *eireri|l tifl*ea> tfae holdup Afid <t xenr ht :<sft 

■ l . \ , + . i 



howevtir, tba holdup amd praaaura strop tfooid than undoubtedly ba higher* 

* * * 

Tna bubble c&pa aho* about twelve ti&os tfia noldup of* Stectoa/coitmrs, 
a higher xristoJth drop, and h£*;har H.X.T.K 

; $t adtean Col Wig Salyptad; 

• « 
' 2* appeared aHient that 4u>daaa coJUz&ns w«ca outstandingly 

-lif^rior to hit oih^r £/^sr of columns vbieb c&old b* used f©* Viift project* 

Thie conclusion **a varif feyl ^iacuseUn *itfe tmti fwaili&r uitii ill 

pfcasoa a/ high efficiency 'difttilletlao* ?be abc^a factors cooiblnad frith 

IT; " 

th« eoaaserciHi. &vaiX&biI4.ty of this typ« of packing lad td the selection 



*■ 



-• * t 



''St«don packing is f&Uricatad *ira claUi 6© * 



stashes per inch, using *£ra •■COV inch in c&uwt****- Iha darth'ia punched, 

o form aheats having & ragul*&r p&ttaro of raised 



triaa&fel&r pyramids, a pattern of tolas loc&Led between the ^y^waida, 
*nd an upturned lip around tner circu&ference* The sheet a are placed one 
abova the other jo fcbat the so-cailad •'v^lleya* of ^ne ahaet are in ccnu*< 

with the . y*&«ids on tha aheai below, at tfhleh points tha e&eet'si are 

- 

*pot~waidad togethar. The onset a ara welded tegethar in visits c^ntuinlhg 
100 shcata <*nd measuring one foot in. Ittigbt* , '* 

Tna opat^tioo of tn« pctckin^ is ka failowfaj liquid 
flqrssa along Uia wira cioti: end aaele tha --na^b, whiia tha Y&pot pa^aaa 
op«&rd through hola^ in tha ahoat*. Good liquid diatjrSbiution ia 
miafc*inad by tit^ rape&tad division of liquid atra&s* into three po^rtiona 

t 

aa they t^iss dowa, tha aide* of tha tri^nijul^j* pyrsJfldda and racerJbin'o , 

a in tha v&llaya* Godd vuvov contact asiitfed by 



laa TacU th&t tfta hole cf ona sh#at la al^iya loc^t»d directly belo* f 
ttic apex of a pyraiaici in Uia *hwt <*tovc. 

fha ptoKing i3 r&bjric^ted in' P circaUr ti^Qs up w b incii 
di^ctsr, acid in 6 inch aqttll^tar^l triunglas. L^r^ar siaes ara rsada 



by c ^Inlr-'* i: *n 1*3 irXc v?riQ f ^ fv A ti';rna to for*, iiox&scnn ^ni oCKcr 
au^.-^a. /or exurnple^ i.2 ir:.^ Cducx* in of six lri&n*iu*ir sections 

•srd L« ^ca^r^l. in aha pm , .V" i r.ch coluun is ilia * »>f titirt $n 
iri£rtgx.lc r r^et^mc in t-nt i\r-> ;f h<+& $ctn ftaving thr^a tseiv* inch 
cid^s three six ir*eh aide;?. 

lr\ dateraiin'r*: Ui<» n^.ar ana sia*a of Stecte^n oolu&ab 
co -be iii?<»d on tfct&. project , i lirgs siu&b^r ;,f ckMchiJitttiacs r»*ris considered 
and aUidics ^sere c^tte of m.zh for different* v^iu^s cf rolatitre volatility 
of the ti*o coaiponerts to b** fr&ctxoiiut*-<:. It appeared wltj & value 

for tfce rsi&tivs volatility oi l.jIG > uca;>faplish&ertt ox* the ctesirad sep- 
aration with ^ix c^umji^ is skstowtkA uncerUtln due to the relatively 

fcififc precrjr^ required, r>h&r«£a fti^aO^ equal 1.015, fewer then six 

* 

eolufciid Cwulc protaMy be Uf^d.. Ihe cca-bin: iioii decided uj>oa was to 
consist, ;i* six columns* iaolucir,.- t**c lfe H h$X2go&aI, V.?o 22" aex^o*ial, 
and tvro fc n circular colui&r*** This combination it* trje result of a 
cc&^rcK&ise b^t^en Uitforrjtical c:*.ns;irter.- tlona fthich 'indicate tft&t six 
tot^re of /^ogrcsaivfcly decrs-seinr diameter* vould be *aott $f£>.ctU*e, and 
rirfiet.Vr^ c ^naider* tions , ^'hies ji^laal* that ths toners should ail ba 

* * 

tr^fl s\2.e alto for lat&rcfca^gtt&DiiiLv- ^xiatum flexibility, 

Irt crdar to offset avrijor rrocaaa ttacertai; ties whack *>x~ 
iotsd :l tu* tiave the design r; s feUifclisfrKidj particularly *<itr, inject 
toO^and , and in v>rder tc provide id*']uatu 3j;;re fc^iiitiea 

in lac event of corro*L>n» lea^^s, ->r Koci^nLc^ d±f flcu.lti«,s f It was 
decided to , r..vide an ^xtrek ccluii^i of *acl2 ^i'ie, thus ^ki.x * toWi c; 

<\r: ^|iiipment ^rtu tr*« pipii^' ii> 30 ^iua iiV-luoc* tb^t r*ri/ wr ail oi* th^t 
ctluims c*n be used* . i5d">u of p:^vidln^ thi^ ap,.rc eqi^p^ent, 

evidenced bv* Wic fact Ui^"- out : operation r^/z^r a t- c o'r..i.<. »' «ent 
of awvan coiuTjid Instead of the $1'^ c-jl^ul^vtod fro-.}- ^tifc uncertain duca 



h bailable <>t the tl-e of dw^n 



tata obWin*4 *ift *r tn* f*cric&tio>) .-f tite colwata r^d 



begun indioattd * ddl*t*ri-:n& effect cf nci^hi cr, ths K.tUT.f* cfrt-.luea 
fciU; Stes&saii peL6HiriA ^suiti. h&noa iri^tiie fiml design lew* unit, f2vs 



r*distrIbutor plates ^ar f » i^trodusted in. tuch column iii order to incurs 

■ 

* 

th#t the required H. t^e &fcfc^ii&«f,; > Ifc« me of vhe r^distribut or 

i - 

pi&tes limited the wbxlcnim neijjHt * Of packing betn^en pistes to five feat : 
«jnd resulted. lit * tot^i deer**** in packed height about 104. 

< ' V (j : 'ri • 

(6> gonstyyctici; fateriidlai 

> . ■. ** 

Sine* it neceseary t<? place orders for &<jterigt£& 4t &n 

* 

o&rly date, the 1 is&tfcri&lsf tff crs^trvctioa for tsie urit '.era 3f>lestf*d 



on tn* basis of ll&ltod &aKAi&L cf d^tei agd such oti^r experience us 
could ba brought to beer on, the problem* Secent c&on «rciaI experience 



r-itb hydrofluoric ^cic sltyi&tion plants had indicated ttait the presence 



of a a&sii umcunt of ^aiirturt c&u»t*d rapid corrcslen of either carton 



fltesl cr stainless steal. Since pclymer in the pr*&enc* of aoisture 

wlgftt hyrirolyse to fcra hydrofluoric &*cld»''.*nc ainnft raciature ;ii£j;t 

- . 

canceiy&bly enter the system thrcta^i air, eteaa, or wat^r I«tek, it 
decided tc use jazonj&I wherever possible f jr *■ nipiae^t which Alight oe 



difficult to repl&ce. 

.... • 
Tits towers fcjt'ft entirely acnel except for carbon ateer] 



flanges. It m& necessary /rake the ahe 1 ! of jsonel ii3 ;>rder to prevent 
fouling of ohe packing by s£&Ifj to In&xx e .Ttaintenanoe cf slowly 
jraehined tcisr&aceQ, iir.d tu *li;«*n4te the possibility of accelerated 
corrosion rit*st; dur to the presence cf two dissimilar "aietala, X/i th* 
case of the fL-.rt^eo it w&3 felt tivAt the use of ffio^el ^3 net justified 

r * 

siaoe U*e fl'ti&fz'ts coula not ^ /^vail; coafc^ct^d by pclya^r, od jince 
t^ere a 1 rge t^lc/casa "f eietA.1 ^^aent in ,<?as#* the polvroir did attack 
tr>e fhin%a$s r^urther^ore, a <l<l.it? teif^it K e Hnticipfcteid in obt&Uiitig seoneX 



xhc "er:o r: * *\J coiv,en jive ^re catir«uy „f acr,<u axcspt 
for the r#t;-*>Ll#r r'.^OI:,* :».-■ ; j-^rbcn istfctti tr. t^L i sr.; tenets ts^s 

bs&gd or the f \ict th; I. *nv /:. s ic-ur* 1 late; trie wjte™ cjniifi rmln 

in reboU-^' Tor c-r;iy * -vlble amount 3f tirr.e, sine* t/>9 bvUin^ 

p >int of vit^r in Ciir.cicterabljr h^l^st ttet r»f i elisor. 

'the diaphragms f^r u;^ pu&pft r^de of reonsl, tins 
ch^ck valv *3 . rf* of stabile** stes2;* tcs p*-ck.l*.^ v&Iv ©3 fa fcr^ed 
stael bodies wiift m net Copper trix. Alt otn«r pieces of s juif'WJrtfc, 
including coolers, dftaro, .\nd Vising, cculd La rsr;cllr r^f*t$c^d &sx£ 
hence we-e 'u^de cf carbon »t«fti.« ?urt>ntfr?3cre * it vsr-i? fait U;^t 



/ 
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ixpcrifacmWL vserfc it r^l' Laboratories later s;, >.cJ it&iniess 
*tcc*i to &ood &s &onsi UaUa Vitfc ^olyEwr s i-.* - cr 1 lur. wi;^er 

in Lhs ;xrtjf>?mce Qf wtf*li ajttvjfcts ;>f »r. i at urn « HoMr/ar, ^1L; f -j v-rrc-r ir. iti# 
^mn'j? of st^aa > stalxilgBS etc#l suo v art tne rapid corrosion n *hiei» 
had facto a/iitci{*-.t*«dj ttbareas? 5?; nel ^4 . > .ili^tly ff«ct,ed. !^ri:.*rsb0r* 
iiwesti^tioa cf th« */«24ing 5. -c. :.r;chi«'J ^ Jhe*ra c t ?r i j t i c £ zf various 
dt-aiftlo* 4 ! jtee-l* showed t u;-r w !.*< iufyr to xsonal, sinj 3L«ii;titsft 
suets »iuch ^ero readily welded ««re difficult r.a uxiChina ^ : ! tntise ^ich 



-*r ". i^iy nu.*chine4 xor« d1f 4, i ult ^ • eid, f i# tlc^j It, f.>un4 Co ilr^bie 
to i\$*s Lionel in 3pit<; r.f prccureu^nt di; f icull Lf;& nx icn were pacounterea. 



Foster >he*s2er C\rp, in Kh« jtcc c-Mat j p ^c>h**t fr^^ in^-rr.. tiomu 

xr, 1^ wor king * nts £i..t*;ri?* , » i^int e. s St a, j rpno^red 

Qffloe, t.^» t« *d "ii Cot: /* 0,7 w ,t ; -i^ r#S'JuE, tfc th^*5: azf.fic1J.tie5 
v.'iire rtuolvrCi, 1 ir jtc*» t 3»>nU ibuticn ^ "etc e^rJy d> '*r; of t fi« s« 



essential r^onei ^r^ U r oo\ unj^i^: Wtiflcttr to-aVul ordnance plants 




in '^ch ining t>X Uie tc i «. tir* Si e t ib . 
4 . fciitiai ypera l ions 

lr> or ier *ntw?t e&rljr delivery bJ^*txiuie*3 9 an aLivrpl ai&d* to pl- 
each unit of tae pi ^nt in production > fa :;t its sseoi-iy as s co^pl^t^u 
without tr>* deliberate and extensive casting procedure stii^i would precode 
tho operation of such a ac-vel pLzftt \1r.34r nor 3*1 cazwitian*, A s might be 
expected in ;*n -.tt^pt to go ft»c* Inco^ica© iator& ^ary expcr *tork 
to jyroauction without tnteraedi^te- trials &n u pilot »a«lej ufti'ore.*© >n 

* 

difficulties wore anccunvir«d« Chief of theae diff ie.tiltiee »«rr> tnose 
related tu le*>ks nrt£ ..-jr* entirely ne*. system or detect ion. f.us 

* 

' ctevolopsa. By direct coi^xison ..i U»t pl&nt it found tfttt this 
leak detection *be r# *uir#d to find le&ks which oould not be detected ky 
th? neliutt iiu&.-is Sj.ftCtro^r^ph li f f ctr 41 f tn© #Cdt oxh^u^^iv^ le^k detecting 
Instrument anown at present, Another ittajwr difficulty s^ccunier* I in 
unsutisfs.atory ^rfomirtce of the pumps under oper^tin^ renditions. tv*o 
puap* ftere tee-ted prior to lo&Uulfrti&n but tn^i® te^ts *«re interrupter 
hence, incoiupl*te 4 due to the ne ceaelty ".for incurpor&titt£ the pumps i;: tft© 
ofe^-itin^ unit, standard Cil Coxp^ay i&aedlutely redeeignea tne pua&p ;*nd 
the vendor f afcrlcated fee* pujops in accordance wifcft tola ueei&n. The new 
design, pum^ have given eatiftfactcry service. 

• ■ 

Cur in;; the leek meeting procedure* jwercaJsy a s ixstroebceo inad/ert* 
ft:>tlr iato the system frojRt tfie pressure relief ch*acperii, ?iie*e pressure 
relief enters k»d bean* constructed tnnt aa external pre&surs gr eat sir 
thm ^titeo*pheric w^ft required tc cau<*e the flow cC v.,-orcury ir*tc xg« 
syete-rn. hov^ver, art extraordinary O'.icurrai.ee cf events jjucn ^;&ulftifi- 
cation, Ices of »Terciiry by flo^imj out^rd, and "rocKiag 1 * aid rtsult 
i;^ iiusrcurj* c o n t 1 n« t ian pf the operating »yste«i. i/unur^ry to ;:u^^i^Ke^ 
literature ^ad the 3Xperi#nca of ^11 cjncemed 9 including the o^axvtcrsj 
tiie 3u. -c aijvctor, the r^fco^rch f^cilitien J^ SAW, .^ad tf*e vej dors of 
fixrt^l ; ift>* 6t*«r ury did attack the ^onel i:?id^i the A ;eculi r conditxons 



l>f 0J 




brought flWt?&fcW?*l &&tfc* v£ co^Qtofrtk 



A, J 




it*-.*** 







4^ *t 



^6, ft 




-'■ ■ or .ui« ./i^s^ii^^iaif^ 




r&tlaiv of fact ti%a*t m*': first 



r . • 





•- W 



pi poM 




it \«|# '{sr^MA 4^- ..iptj^atarti?^, tfej|| -flew 




a; 





a 3<£|c$ app»tr«i4 t» b« ihs foci' 




1 



st. 




wim of fundASwoUl difficult isa» ' 'r^>«ismi<»js;-4ft. -t^-i^*^^^f rei>oil*r* 



i ■ 




■M 



1 ; f *. 







accident* 



■» i ^ 



,v .t ' 



After* con&idsrAtiwa 




'ft 




1. . 



» >• 



fwtarsf. la Uis Mantltfte, to« first jd^nt ^si:|is'.4|^i^^|! progi<ii^ 



. *-v .v. ; 



1 > jl 



to ;Osijm»ik fcsst operation ic ^NW^ ur^t tasss featuros 



a, e ■ * ' * * - ^. - • — . - 



5 



.Sfcsnrtsrd .OUt' Ctmpiiny i«j*e«J. t<7 tbtj a£ tne-.fwmit^tioft of sjs ^dbl'liii 
but *t»A^fied itrugtw^ identifie<i ^ No* 5 Jitfil ^ Iotte#^ 1^ 



3? 



neeeua&jry to rase tna \*&lls of this w&istin^ structure Ic^a larger 1 extent ■ 
since taey nouid constitute a aw&erd to j^rsoa&ei wrking In the' vicinity* 
l&Kdl&te aatiu« *&3 i*uen m the preparation of the site and t6e pacing 
of orders far tie* packing aiid coittsua sections. Xf*e packing and coluim 

sections *er<s to be identical '*ith th« corresponding portioa^ o£ the. 

• .■ ■ 4 > 

* *■ j 

existing plaint teo that thdy would fierve as mutual spurs part* in tiif evaht 
of replacement if such because fjaaessary* 



r i 



►rijjia^'pl^t; 



donirgLCtor discovered (a) th&t^Mureury cculd be removed frox» eysteja. 



structural 



leaks 



could- be controlled, (c) that, in spite of failure to perform in 4 ccordanae 

* 

with jpr edict iona fro£ labCtrfctory data aoci design calculations, the 'plant 

» * 

operable, nt lea,<oi 1© a slow and onerous batch fashion, accordingly,' 
a quantity of material ami later S0% mt*ri*l prepared by a 

' ■ " • ' ' 

variety of batch and sesti-co^fcinuotis opflratioas artu daliirerea. to t.ie 

* , * 

£overti&ertt for f'vrtner processing fimi utilisation by theV&3u*a&ing 

a 

/ibout 9 January 1V45* the #oYorttiaeat reoonsiderod and in&trucfcsd the 

r 

- 

contractor to proceed ao further with tae produrtaoont and erection of the 

■ 

second plant, but inat$i*d to product to the best of their ability upon 

*V *■ * • 

► T I, 4 

existing facilities *od to< utilise such eialpneafc &s already pro<are4 
lo. repair &od maiataiii .the priest facility in ah operating condition. 
By testing anei adjusting vhs various units of the pl&nt, the pontr^ifcr 
has , brought theft, one after attotftiear, into iategratcd oper&tion so that 



siucoeeeful c^ritlnuoi.3 oper^tioA r^e been attained. Dea^i^e tha feet 

* i 

that laboratory predictions were not realized and deaign efficiency ^aa- 
not possible, the skillful ojMrraiioii of the co&tri«tor reauit&d ia the 
productioa of a quantity of enriched /material, and ^cre recently, 
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} 



>1 

in the production of mor« than jtaterial ujron a continuous iwi$t4f*r i uti£ed 

> T* 

baai's* ' Operating conditioaa are still b*in& i&proved and th« desired 

r 

cc^i»nti*ati<» ><>JT ?55& i* no* forthcoming. 



E . ■ . " ■ •' : . future feylbtllU«a 



I 



ft, it* * 



Th* .fttliikra operation ©X 1 the pl^nt is indeterainata. For radons of 



S 

It 



■r * 



i' 
I 



ft 



security, the operation and need underlying thia proc^j^ht. require- 



* 4 



.a* 



*4 



want, ie titfdi si Closed^ The contract specifier production **t i C^rtilxj rate 



for the duration df * the war and alx months thereafter* in tke event 

i*" " ■ • 

that there w i» a ^*4^irw»nt only for * specific quantity of Wii* ^teriiily 



It* unique, nuclear properties wake It uaaful for other p rpQQ*$ *hieh xa&y 
Jo^tify the operation of tM plant for additional quantities* One* of the. 
moat universal of these *;dditiaftfcl P^ea the employment ^-im^M 

V • v. 

k . detecting instrumental Already, i&boi*&toriea vhlch b&ve learned of the 

- * * « 

k ' exist ea'ee of thia a&teriAl have $stde request* for qu&n^itiatf of the arterial 



for auoh u pwfsoae. A relativ<i3^f ©iBAll, portion of the production it 
sufftiieat to e%il#f>; tiieiie aeeds. However f since the proeeee ^terUX 



i« extremely corra*iy* r \it i#'prot»abie Ui&t-.e prolonged pt^loft-^JT 'idleeeM r " 
^ would r«nd*r U-ie r pleqt iiioperiible #i It is doubtful that it itilfc war tm ^ 
eetmamicfiliy feasible to operate, thie plaat or another for ta^ pfiarpose 



of supplying thl» jaaterial for irtatrwente exespt during the ;-c^rfe"tft period 



of operations, 

Irt jjujdition to potential ppeHtions utiiijiing the proc^ie "aiater i&i» 



^ »-- >>r 




«hich it «&s deelg£ied > the plant repr*e3ent« ^ tfp«^let«ly w^toi 
fr^ctionatini'lji^trtiaetSLt* Heace, Although it« dea>i^n isay v rea<i^ it iaeffte- 



ieat for practical prod&etioa purpo^e^, it 4 very vaiwiibl* ina.truasent 



upon which to A^teR^fe. tbe fructi^wticrt of other isotojjetf by dlatillatipn^; , 

* * * W. 1 

n^thod. If a TdJ^tile^coagpound of uriniuni oowld be d^5fi^9^ed in which 
tne t«o iaotojsee had different^ f^Uutive volatility^^ the relatively 




s ittp* * dlati*Iut i recede could urm lo displi*3s tae ±ttVric:Vt& ^:*a 
cu?tf v *rj30ia«s k^iModa rvlft In for the ir&itlvn ef Zi:% isotopes of iy 
ulepimt, oriiy Kvuiii tht tfs&ltfn f9Atur*a of the present pl*c& ha 

incorrect for rr«<:tia*l n«<$ in snparatioji of ttfuniuto iavtopea, t:;;t is is 
llkeLy twt the omvtLwus uie with boron compounds would renaar tan L-;otof^s 
of urAAiuR producer! uAauitdule for nuclear purpose*, i'fts ^ctu^l xe^isl'Miit. 
if tae ¥«;-^r.tt.io?i fn>Q«*e*j hoover, could bo deiBcmatr&tetf by fAe<i:ia of tne 
powerful tool *ihics. exists in the pl*nt« Aithau&j the existence di* a 
suitable eu^tiun-J or uruftUu* ia not Known at thl@ ti^ie, It w antir*JLy . 
oortceiv&ble ti-*<: t sue* ■ c-n-p-jund -r^y bt* discovered* 

Lixafci»* f «.t lc conceivable th.it n#*dt ^ixi urisfc Tor Lsutopss of 
ou *r alft^ents i iq tu-^t La tile compounds of thus* *l**s«ata . exist in 
^ici. tue Lsoto^t'S a .5 ;T*:r saff IcUntly i.n volatility ti,ul U:ey raay te 
:i**f<ircted by di^uW j. > ' Hi yrnr^h facility g in uli prob«b^xty $ 
is rwt, so d€&i,cn»sn and constructed tuat **n efficient separation niafht 
be ccccTplishcd but u- doeo represent a vary powerful o&chine ^uich jrdght 
nr* er:,i.oy^d for vxperi^nsiktion In ^ra.er u> determine tne d;it* frc» wbich 
* r^oductio-n facility >vht be designed and erected. 
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TSC/VF/lf -9-22-47 



29 April 1944 




Subject? 



Vitamin* 



Tot 



Dr. J, R» Oppenheimer* P. 0. Box 1663* Santa ?e, New Mexico * 



1. Confirming telephone conversation between Dr. Oppenheimer and 
Captain Chapmen of this office of 2<t April 1944 and teletype of 29 April 
1944* the immediate statue of the vitamin project is submitted for your 
information • 

2* The vitamin facility under construction and to be operated by 
the Standard Oil Company (Indiana) consists of 18 monel metal towers 
filled with Steadman Packing* In detail; there are 3 - 6* cylindrical 
towers and 3 - 12 n hexagonal towers and 3 - 13" hexagonal towers. The 
design capacity of the equipment is such as to provide 600 grams of Boron 
per day in the form of the tri~f luoride dimethyl ether complex and of 9558 
B^O isotoplo concentration* Initial delivery date as specified to/ the 
contract was 2 June 1944 but due to difficulties in obtaining monel metal* 
this initial delivery date had been changed to 3 July 1944* 

3. Delivery of monel metal was later than in accordance with the 
established schedule* 7<hen it was received* it was found to be in an un- 
suitable form due to scale and irregular surfaces and further delay was 
incurred in preparing the plate for fabrication. As a result of these de- 
lays » the completion dates of the fabricated sections of the hexagonal 
towers hade been placed at around 60 days from 8 May 1944* There are two 
authentic but conflicting statements with regard to the date on which the 
sections can be completed* The exact delay can not be determined at this 
time* Efforts are being aade to place part of the tower machining In other 
shops in order to expedite final completion date of the entire facility* 

Um The cylindrical columns* due to design and aiae offer smaller 
machining problems and are expected to be complete not much later than 
schedule* By rescheduling the heocagonal columns* it is anticipated that 
at least 2 of the 12° columns can be completed prior to the completion of 
the 3 ~6* columns. Preliminary engineering studies have indicated that 
with these 5 colurans a production rate approximately 1% of the contracted 
rate and of specification concentration can be attained* The contractor 
has been instructed to proceed with the fabrication and erection on a 
schedule which will allow the initial production data to be realised at 
this reduced rate, Expediting and completion of the entire facility will 
be continued with no dlmonition of intensity* 



Subject: 



Vitamin 



4-29-44 



5. The Chicago Office has been informed informally and unoff icially 
that a redetermination of alpha allows the prediction that tMs facility 
will be able to produce the complex at a rate greatly in excess of 
that specified in the contract « It is, therefore, believed that any loss 
in accumulative production sustained by this reduced operation can be re- 
gained in a short period of time aftor the entire faoility is completed and 
in operation, 

6 m It is contemplated that delivery of the complex will be initiated 
at a rate of 450 grants a day based u on B^O content on 3 July, This m* 
terial will be delivered to the Madison Square Area for reduction to the 
crystalline material in a facility under the supervision of that office. 

For the Area Engineers 



T, S. CHAPMAN, 
Captain, Corps of Engineers, 
Assistant* 
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fcHtjrin* the initiation of tfcs prtjaot vixisr fcr<%*a.i* v 0 , 
41ft*#ni;.41 i Jated Leiejb«r 2, 1345, « fr*ct*t>nQtinf; u'ic fgr iivi rro* 
inn s Ion ef heavy polyrarr waa daolfn*!, o^notruo ^ ^oi - yliy 
jpev^tod >r a pari^or 14 witfe*. faring th© >rt4tf pt wf^'^n * 
bofcrii of \ f U fnllcxc of hee*y «ly»T- wre prcdfUcud* *In locorri *e cM ih 
lnn-:n»otI^n» received ::roa the lingineer Of;loe U e init m tVwt 

icr.-Ti on Kofcrtairy 4, UHd *nd ^ni jlms *«i in ata^-by ocnultio** 2n 
a (XK>rdfi no n -alth an nmetidaetrt t© the contract/ 1* tod February ^ H*g f 
the unit will be nttintnlrted Irx s t*nd-by condition untJ 1 lar.wy ' i k 134 
mlvse tlie Erctneer Of *ic^ direot* ite earlier diapo** JL 
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Tvcceae \«el#i of the frnct ton* tint *itt en* begun o,* racraber fl, > 
10' ,5 arH Portly thereafter a aut-.o<jntraob wax entered Inte wl f t!» the 
?e* ,*r fuller Corporation x*or th* deelgn and erection of dm pl*#t> Arter 
TOvJtxria liifioulUea rare encountered, raar<y of which re iuirod sxtosuive 
TaotU*tc«tiono of the p.\ant t auccee*ftzl operatic waa attained a*; ^>ne 
year frau "-he atart of the project . During the lnat j*rt of the ilnt year, 
t ceJtnd tmit was ioai^od «nd plana iars omde fbr 1U lnat%llfrticu Hoover, 
ihiti unit t?a« abandoned before ite erection *a<; atartcl Mm 1% heoi^o 
lp|*rant ^tat the fir at unit <^>uld be xade to operate properly. Tables 
thich r?er^ encountered In the arcotlon and operation cf tho f*r>t \x*%it 
Included Jifficultiea in procuring end fabricetinR M^r ^1 , cieohcaionl failure 
of lonml rH3lvnn aectloni and heat exonangera, md diflioultleB a^u^lated 
^ith punpc # vftreo, nnd ooltsan peefelr.-i* Thea^ difficultly ecv ?iacucaM 
in (J.^tfitl in Report llo* A-2S70 leaned by the Standnrd oil Gmf&r>? under 
date of July 2rl, 19^G md entitled. ^CoutrueltQ^f Operation! and Vftlntcasnoe 
of i Peltier i^raotion^tlon Slnit 11 * Biia report ccntnlne a xunbor of 

*oronmor.d«! ch/aa^es in deelgn which ehould be cer.ald«r-7d ahould % tirallar 
■mxt fcc o^ratraoted in clao future f Completion <latea for the prineipel 
pJht«k' a oJ" tha pro j act are shown below* 



I3ej5; n o:^ c ^or e<pi. 4 .pBirtnt oostploted ^ 

Prtjarnticn of pilot plant ai te aril lnatallatinn of 
or.'ficeo r nd latorntory coapleted 

>ec-*Hcn of pilot plant racilittae aoa^leted and 
preliminary atteapta at operation begun 

Flrnt ;Tocesaful croaa^flov operation eatabliahed 

Troiluotion of 30 par cent heavy pelyaior attained 

Production of 26 per cent hea^y polytter attalnoA 

# 

i poratlon* tenainated 



kiroh 1, 1044 



Ka^oh 1, 1944 



* 

Vtrmimr £3, IP 14 
ve^ufery 5, 1046 
Kfroh fo/ 184c 
ft>. ruary 4, 1946 



ruring the period of euooeeefteX operation* product wac Tri^dr^wn 
^tol; the tatit aore than 9t per cent of the elepaed tfcte* The trt ^i Lal 
pro^ocd by the unit dbnalated of 80 gnllone of BO to 90 p^r omt h^avy 
)olyrier^ 95 salient of 9D to 96 par cent heer»y pelr«er« nni WX nHonc of 
niate/inl :»arinj: * heavy poljnir oonoentratlon of o«%r 99 par ucn. . ifore 
detailed information regarding the material produced ia >ihown te "eble I* 
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'TABUS 1 ~ 
M*t"ri«l FrodtDod During Ttrm of Contract 
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Uol # 
H» avy Poly^# r 



Iron 



% Wat**-* 
ty Karl Pioohor 



Spoolfio 
Rotist&no* 

at 28°C. 



1 


6 


63.2 


0*01 


0.12 




246 oo* 


55.3 


« 


- 


2 


6 


80.6 


0.03 


0.24 


s 


8 


80*6 


0.02 


0*28 


4 


6 


80*7 


0.03 


0.6 


R 


6 


83.0 


0.02 


0.2 


6 


6 


82.9 


0.08 


0.17 


7 


6 


86.6 


0.04 


0.14 


8 


5 


81.6 


0.03 


0.32 


9 


8 


62.6 


COS 


C30 


10 


5 


83.7 


0.06 


0.22 


11 


6 


82.6 


0.03 


0.16 


12 


b 


62.0 - 


0.02 


0.26 


13 ■ 


e 


81.8 


0.03 


O.lfi 


14 




64.6 


0.03 


0-13' 


16 


" 6 ' ' 


84 .4 " 


0.04" 


0*17 


16 


b 


63.3 


0.03 


0.32 


17 


6 


81.8 


0.12 


0.22 


18 


6 


66 .O 


O.02 


• 0.14 


19 


b 


81.4 


0.04 


0.24 


30 


6 


90.7 


0.03 


0.10 


Si 


6 


92.3 


0.02 


" 0.24 


22 : 


6 


92.2 


0.02 


0.23 


25 

OA. 


1 

C 


95.9 


0.03 


0.4 


c4 

26 


O 

6 


93.7 


0.04 


u.xo 
0.14 


26 


6 


96.0 


0.02 


0.04 


27 


6 


94.9 


0.03 


0.08 


28 


6 


96.3 


0.02 


0.14 


29 


6 


96.0 


0.01 


0.14 


30 


6 


96.0 


0.01 


o.ii 


31 


6' 


94.9 


0.03 


0.07 


32 


6 

K 


94.8. 

OA O 


o.ol 


0.09 


34 


D 

6 


94.3 


0.01 


0»0o 
0-06 


36 


6 


93-6 


0.02 


0.04 


36 


6 


94.4 


-0.02 


0.04 


57 


6 


94.1 


0.03 


0.09 


3d 






0*OJt 


0414. 


39 


6 


95,6 


o.ol 


0.06 


40 


6 


93.7 


0.04 


0.11 


41 


6 


92.9 


0.03 


0*16 


42 


6 \ 


93.1' 


o:o4 


'0.11 


43 


6 


94.6 


0.2 


0.08 


44 


8 


94.9 


o.pi r ^ 


C09 


46 


6 


94.3 


0.01 


0.09 



0" "T 



215 
260 
226 
240 
216 

270 
210 
210 
260 
260 
400 
270 
260 
300 
166 
470 

160 
280 



200 
170 
260 

260 
310 
260 

260 
280 
230 
280 
32o 
290 
990 

410 
460 
340 
415 
416 

2ti0 
28Q 

560 

580 

460- 

570 
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TABiL I (Cont'd,) 



Mftteritl Produced During Term of Contrtot 



Lot to'. Qell. fl«i 



47 

48. 

49 

50 

61 

62 

68. 

64 

S«3 

56 

67: 



8ft-.. 

60 

61 

63 

64 

66 

88 

87 

63 

69 ' 
70 

71 ! 
72 

73 
74 
76 
76 
77 
76 
79 



20 
20 
20 
20 
20 
x 20 
20 
10 
16 
6 
20 
90 
£9. 
30 
36 
50 
30 
66 
16 
3 



Mol % 
ary Pol; 

94 «? 

06*2 
96.7 

95.6 

96.6 
96,4 
96.6 
96. 3 

96.1 
98.1 

96.2 
96.2 
98.6 
96.6 
96.6 
96.6 
96.2' 
94.6 
- B6r6-i 
96.9 
96.8 
96.0 
98.2 
98.6 
95 48 
96.6 
98.3 
98.4 
96.1 
96.4 
96.1 
96.4 
96.3 
96*4 

95.9 

96.0 
96.8 
9© • 8 
96.2 



vit. ; 

Iron 



•<t.?5 ?«*ter 



Speoifio 
n<nrifltano* 
at 26©C. 



0.01 


1 0.06 


\ v. ■ 7o0 ohsu . 


0.01 
0.01 ' 


0.08 


1340 


0.07 


660 


0.01 


0.06 


U6Q 


0.006 

• 


0.03 


1380. 


0.006 


0.06 


1900 


0.006 


0.06 


1100 


O.OO6 


0.06 


1400 


0.006 


0.09 


770 


o.ootf 


0.08 


796 


0.008 


0.08 . 


410 


0.006 


0.06 

| 


TOO 


0.01 


0.06 


S90 


0.01 


0.08 


430 


0.02 ; 


0.06 


420 


0.01 ; 


0.10 


360 


0.02 1 


0.07 


390 


0.02 

^.oa'^-r- 


0.16 

■ 


260 


~ i>.07 - 


' 560 * 


0.01 


0.06 


640 


0.00 


0.08 


680 


0.008 , 


. 0.03 


432 
626 


6.006 . 


' 0.06 


0.006 


0.02 


1336 


0.006- 


1 0.03 


I * 1116 


0.006 


0.04 


1013 


0.005 


0.04 


1001 


0.006 


0.06 


1062 


0.005 


O.OB 


633 


0.006 


0.03 


1683 


0.005 


0.04 


1644 


0.006 


0.03 


1117 


0.006 


0.02 


1140 


0.006 


0.03 


1249 


0.006 


0.03 


643 


0*006 


0.03 I 


978 


0*006 


0.06 


1722 


0.006 


0.04 


718 


0.006 


0*04 
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Government Peraormel TVho Visited Proiebt bite* 



v — " 



Andrlik, 0. : If* 
Avorill, R J P. 



Fwry, J. Lt 
Usury, E« P. 



Baranowsky,' Paul Flournoy, Copley 

, * 

Barbour , : . J «' R. VXynn, A* J* 

Baetian,. John Fry, B. U. 

Bawn, C, V. Fryo, A* 0.»Jr. 

I It I t 

Belcher, P. F», Oilainan, J, F. 

f i n i 

Berg, 0. *• . Orel*, D. F* 

• »« 

Bolton, F. H* GuUfoyle, T. 0« 

» » 

Campbell, A. |tv Gulberg, G. 

* Handler, LVelyn 

Chapman, T, 3v H*na, J* Y>. 



x*ri, c. l# , , 

^ i' 

Kr*pp, a. A./- 

Kornrd* , llti?,© 

Rpstiza, a. l; 

a 

fief**!, j, 

Lanoer, 0« 
Leelio, vr« s»,Jri 
lift aaa, R. J* 
Mahoney, J. H* 
Ifa^lere, A, T. 

JhVor, 0. *. 



jldaa, R. G 



Cheriopea, GeOrr>* HargraTo, E» B» 



Bruce 



Cheaak, A. ( 

* . 

Ciwk», C, P., Jr. 

» i if. 

Col», S. : A, 



Ilartoy, D. J. 
Hartley,, J, T. 
Hehderaon, J. B- 



#c^ein, 



McCluro,* C f a. 
Jlotibben, J. L. 
IfoKlnley, J. 'IN 



* r 



Qakloy, 3. H. 
Cliff, liars chel 
O'Rourke, P. 3. 
Orrico, U. J. 
Paulson, II« IV. 
Pstcraon, A, V* 
Phelpa, J. Yf, 
Phillips, Mb B. 
tiuinlan, R. L. 
H. D. 

Robertson, v;,N.,Jr« 

Russell, (1. ¥7. 
Scott, R# T. 
^aalnara, L. A. 
iSmith, A. E. 



Smith, R# J. 



11 ins 4, L. ^csnnestoy^ Latthaw, Wayeraon, vSaymovilf Sorklrv, Ovrnndolin 



Coy, T. D. 

! » < 

Delaine, C^O. 

Oi«K«r, B. B. 

Doyla, N» T. 

I 

V 

Dunham, B. V; # 
Ellen. H. ; 
Farr, K m M*\ 



Houska, V. J« 
^unaioker, £• A. 



Miller, J* C* 



St wore , D. M« 



Mom, P. C 



Johanneaaon, R * E# Uoaa, R, A. 



Johiiaon, A* /* 
Jonoa, X. u« 
Jonea, T, R % 



Fauat, J* T» 



Set ft, F. A. 
S©!*eth, J. J. 
Siohcla, K« D» 

» * * r. 

I^Jan, J. &. 



Thomas, Robert 
Tidd, C. A • 

VToloh, U* F. 

Wendt, C. F. 

Whaaton, 0, W. 

Toung, d. A. 



*Aa determined from monthly rial tor reported 



TABLE 17 



In P 



Personnel Prailiwct with Objective of ~ork . *r • 
Under Contract VI -741U-eri*«41 (Qovarraaenfr Personnel bxoltided 



Anderson, K. A . 

Arveaon, ML fl. 

i 

Baidaste, ,H# ?. 
Berg, V;. G. 



3oere# P. K. 
Hlebert, fc« N. 
Hlg£jjLna# B. B» 
^ $o#fcedler> Dawe. 



Mtnnlort, J* V, 
lie ton, J. V. # Jr 
Hither, J. 
HoCmilay, P# A. 



So&u&auoh, L» J 

sohute, p % w. 

Schwab* tf« 0. 



Blnna , J* B?. 


Howard, J» C# 


McGUl, V. J. 


Slngler, K» R. 


iBooth, K.*!* 

•* 


1 Howlend, B« 


McUantJS, C. J., Jr. 


St«<fc, T# 0* 


*3r«(yr, I*» B. 


\ Raphes, M. P. 


Hlloy^ Tarn , 


, Stei^i, F» S* 


Brown, B. K« 


" Hurley, 0. )«• 


Monro, D# A* 


Sufak, Urn L* - 


Brown, ff# It* 


InghNar^Ji. Q» 


Montgomory, A. 


Snlibnoh, A» 'J* 


Browning, 

* * 


Judaon, C. M. 


Hudgatt, *\ I. 

* 


Thiele, B. W« 


Carpenter, K» 0* 


Kay^ff. B« 


Ifyers, B* Q. 

• 


Tovnaley, C« £• 


Carpenter, tt* T. 


Kertlifcy, J. S» 


Peulue, U* 0« 


Tuck, R* A* 


Conn * A# L* 


Keren**, G 


Peake, A. iV« 

i 

t 


Urey, H* C 


Daly, J. «J» 

t 


Kerr, 0. If . 


^etar&on, H* A» 


Voern^n, M* E. 


Daufjwfty, C. H» 


Kllpetrlok Martin 


Presoott, Ot R. 


v>atta, Q. 




* + 


—Ramirez, J« It, 


Kobb, A. No 




Klrshenb*u i i, Isldor 


Roeva, B* B. 


Sebb, r , L» 


d»OuriH«, E. L. 


Koohle, J* £• 


Rtaher, C. 0. 


we* ';bay, K% \. 


Eiohn«, Ji H. 


5 Ereuel, P. L# 


Rlttaohof, Um U 


* 

Aether a Id, J. S. 


Criokson, C. L. 


Laaderaah, A# **♦ 


Roberta, J. K. 


Wilson, R« £• 


Fo*syth«, ». L, 


Luke a, J*. J. 


Rook, W* A* 


v>olf, J» E. 


Orufcb, H. M.- 


Luts, fl* P. 


Rusk, A. 3» . 


^ynkoop, V. C. 


Otmneee, B« C 


UaoPie, R. Vf.. 


3aM, Bettor 


Yant, J* W# 


* 

Hathaway, R. U« 


t 


"^chaffer, I** S» 

j i 


Zmaohinsky, C. ;7 


i 
■ 




- * 

u • 













TABLE V 
Coat Statement 



4* 



Standard Oil Comrti 



Salarlea, wage*, and overhead (including taxee) ... # 428^552.28 

Uateriela (including shipping expertae) 79,666.54 

Shop and serrloe charges.. 260,103.61 

Tra^elin« expense.* # • # 13»4ol.95 

fe lap hone and telegraph expanse*. *. ...... 2,946.61 

Utllitiea , 6,944.71 

ftoater *>he*ler wiboontraot*.. •••.••,••••«• l,62o 907.78 

Miscellaneous . . . • . ' 238 .60 



□rend Total •2;309,54$.88 



ai'oater fclieelar Expense 



Plaid payroll (Inoludirg taxea and inaur»nCe).... 9 . 9 

Foster ^heeler shop fabricating obargoa. 

Purchased aateriale (including tranaportwtion) .... 

Opaf«tor a 1 aalariaa . . .. . . 

Cancellation charge 

Contractor 9 a fee • 

Telephone • ....... 



Total Foster Wheeler Subcontract Expense 



687,426.31 
366,499.63 
168,402.81 
48,266*00 
12,282*00 
240,940*68 
101.06 



$1, 620,907.78 



Abcrd figures subject to final audit. 



Standard Oil Company of Indiana, 



3 Haroh 1946 



and for services in connection * ith the close-out of operations, all as 
required or approved by the Contracting Officer. In conformity with 
current negotiations, it is proposed that you maintain process equipment 
in No. U Process Laboratory in stand-by condition and store Government 
property on a mutually agreeable f ixed-price basis to be covered by a 
supplemental agrooment to this contract. 

Receipt is acknowledged of your break-down of proposed fixed- 
price for stand-by and storage. It is requested that you furnish for 
approval of the Contracting Officer an intimate of all costs, except 
for storage and stand-by, that may be incurred in connection with the 
above directions. 

Acknowledgment of receipt of this letter is requested. 

Very truly yours, 

/s/ A. Taimnaro 
A. TA!£JAHO, 
Lt. Col*, Corps of Engineers, 
Contracting Officer. 



CHf i md t % -si If -9-26 -47 

" i! mr-320-b i * ~ *i 

-7ilf5-ong-a ° 1 

.torch 1946 



Standard Oil Company of Indiana, 
ylO S. iichijan Avenue, 
Chicago y Xllinri . 

Attention i Mr. J» K. Roberts. 

Gentlemen* 

Eleference Is &<ie to your Contract Ho. -741 ,c **eng-41* dated 
2 December 174-3 f for the design, construction, installation and opera- 
tion of facilities for the production of X Pro net. 

Confirming telegram dated 1 February 1946, you are directed 
to cease oporation of the facilities effective 8 a.m., 4 February 1'46, 
except for final processing of such naterial then in process which in 
your judgnent is economical. You are further directed as follows* 

1. Promptly 7;ash out the plant and nlaee it in 
stand-»by condition. 

2. isprse of product a3 di eeted by Contracting 
Officer . 

3. Furnish a report summarising your activi- 
ties, findings, and conclusions and such other reports as 
directed by the Contracting Officer. 

4« In conformity vdth Argicle XII of the con+ract 
dispose of all Government property detemined by the Con- 
tracting Officer to be surplus. 

5* Place all other Government property in your No. 3 
Boiler House and securely lock such premises a?- directed by 
Contracting Officer. 

Reimbursement T*ill not be rcade to your for exponses incurred 
after 8 a.m., 4 February 1946, unless subsequently directed to resume 
production, oxcopt for the m>rk above-mentioned and except for auch 
oxpennos as nay be necessary for t* o protection of Government property 




